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ABSTRACT
B e a v e r  ( C a s t o r  c a n a d e n s i s ) p o p u l a t i o n s  have  expanded i n t o  V i r g i n i a  
t i d a l  marshes  s i n c e  t h e i r  r e i n t r o d u c t i o n  in  th e  s t a t e .  The e f f e c t  t h a t  
b e a v e r  dams h a v e  on V i r g i n i a ' s  w e t l a n d  j u r i s d i c t i o n  and t h e  change  in  
v e g e t a t i o n  found a t  t h e  dams was i n v e s t i g a t e d .  The dams do n o t  a l t e r  t h e  
j u r i s d i c t i o n  o f  V i r g i n i a  u n d e r  t h e  V i r g i n i a  Wet lands  A c t ,  a l t h o u g h  th e  
dam i t s e l f  app ears  to  be i n c l u d e d  i n  t h e  p r o t e c t i o n  p r o v id e d  w e t l a n d s  by  
t h e  V i r g i n i a  W e t l a n d s  A c t .  The o b s e r v e d  v e g e t a t i o n  ch an ges  c o i n c i d i n g  
w i t h  one dam in  a t i d a l  f r e s h w a t e r  marsh (U n ic o r n  Creek) and two dams on  
a b r a c k i s h  marsh (Ware Creek) on t h e  Pamunkey and York R i v e r s ,  V i r g i n i a ,  
were s t u d i e d  u t i l i z i n g  n e t  p r o d u c t i o n ,  d i v e r s i t y  and s p e c i e s  c o m p o s i t i o n .  
N e t  p r o d u c t i o n  d e c r e a s e d  s i g n i f i c a n t l y  a t  t h e  1% l e v e l  on b o th  b r a c k i s h  
and f r e s h w a t e r  impounded m a r s h e s .  D i v e r s i t y ,  as  measured by t h e  S h a n n o n  
W eaver  d i v e r s i t y  i n d e x ,  d e c r e a s e d  s i g n i f i c a n t l y  a t  t h e  1% l e v e l  i n  t h e  
f r e s h w a t e r  m a r s h .  I n  t h e  b r a c k i s h  w a t e r  m a r s h  t h e  d e c r e a s e  w a s  
s i g n i f i c a n t  a t  t h e  1% l e v e l  when t h e  v e g e t a t i o n  on t h e  secon d  dam was 
c o n s i d e r e d  t h e  r e s u l t  o f  b e a v e r  a c t i v i t y ,  r a t h e r  than  th e  p r e s e n c e  o f  t h e  
f i r s t  dam. S p e c i e s  c o m p o s i t i o n  changed i n  b o th  f r e s h  and b r a c k i s h  w a te r  
m a r s h e s .  There  i s  a d e a r t h  o f  c o n c l u s i v e  e v i d e n c e  t h a t  t h e  dam i s  t h e  
c a u s e  o f  t h i s  v e g e t a t i o n  c h a n g e ,  h o w e v e r ,  t h e  c h a n g e  i n  v e g e t a t i o n  
c o i n c i d i n g  w i t h  t h e  dam, t h e  d a ta  c o l l e c t e d  from 1939 a e r i a l  p h o t o g r a p h s  
and com par ison s  w i t h  1979 i n v e n t o r i e s  o f  t h e  a r e a  e m p i r i c a l l y  l e a d  one  t o  
c o n c l u d e  t h a t  t h e  dam d o e s  c l a u s e  t h e  d e c r e a s e  i n  d i v e r s i t y ,  n e t  
p r o d u c t i o n  and th e  change i n  s p e c i e s  c o m p o s i t i o n  found a t  t h e  b e a v e r  dam.
THE EFFECT OF BEAVER ( CASTOR CANADENSIS) 
DAMS ON THE VEGETATION OF TIDAL MARSHES
INTRODUCTION
The V i r g i n i a  p o p u l a t i o n  o f  b e a v e r s  ( C a s t o r  c a n a d e n s i s ) has  gone  
from n ear  e x t i n c t i o n  i n  t h e  1 9 3 0 ' s  t o  a t h r i v i n g ,  grow ing  p o p u l a t i o n  i n  
t h e  1 9 8 0 ' s .  In  t h e s e  l a s t  50 y e a r s  b e a v e r s  have  moved i n t o  t h e  marshes  
o f  th e  M attap on i  and Pamunkey R i v e r s ,  V i r g i n i a  ( C h i e f  Cook, c h i e f  o f  t h e  
P a m u n k e y  I n d i a n s ,  p e r s .  c o m m . ) .  U s i n g  a e r i a l  o b s e r v a t i o n  and  
p h o t o g r a p h s ,  f o u r t e e n  b e a v e r  dams have  b een  s i g h t e d  i n  t i d a l  m a r s h e s  i n  
V i r g i n i a ,  n i n e  on  t h e  York R i v e r  s y s te m  and f i v e  on t h e  Potomac R iv e r  
s y s t e m .  The e f f e c t  o f  b e a v e r s  and t h e i r  dams on t i d a l  m a r s h e s  i s  
unknown and i n  o r d e r  t o  a d d r e s s  t h i s  l a c k  o f  i n f o r m a t i o n ,  a s t u d y  was 
d e s i g n e d  t o :  1 .  s tu d y  t h e  v e g e t a t i o n  above and b e l o w  a b e a v e r  dam i n  a 
t i d a l  f r e s h w a t e r  m a r s h  and a t i d a l  b r a c k i s h  marsh,  2 .  i n v e s t i g a t e  th e  
e v i d e n c e  i n d i c a t i n g  t h e  dam as  t h e  c a u s e  o f  th e  a p p a r e n t  d i f f e r e n c e  i n  
v e g e t a t i o n ,  and 3 . a s s e s s  t h e  i m p a c t  b e a v e r  dams may have on w e t la n d  
j u r i s d i c t i o n  in  V i r g i n i a .
A b e a v e r  dam i n  a t i d a l  marsh can be d e t e c t e d  from th e  a i r  and on 
t h e  ground by t h e  v i s i b l e ,  abrupt  change i n  v e g e t a t i o n  found a t  t h e  dam. 
Low l e v e l  f l i g h t s  were  made o v e r  t h e  t i d a l  p o r t i o n s  o f  t h e  M attaponi  and 
Pamunkey R iv e r s  and th e  upper p o r t i o n  o f  t h e  York R i v e r ,  V i r g i n i a ,  i n  
S e p t e m b e r  o f  1 9 8 0  and i n  May o f  1984 to  o b t a i n  a ce n s u s  o f  th e  dams i n  
t h e s e  a r e a s  (Map I)  . N in e  dams w e r e  o b s e r v e d  on  t r i b u t a r y  c r e e k s  o f  
t h e s e  t h r e e  r i v e r s :  f i v e  a s s o c i a t e d  w i t h  t h e  M a t ta p o n i ,  two w i t h  th e
3Pamunkey and two w i t h  t h e  York R iv e r  on Ware C r e e k  (Map IT)  . S p e c i e s  
c o m p o s i t i o n ,  p r o d u c t i v i t y ,  and d i v e r s i t y  o f  t h e  v e g e t a t i o n  were u sed  to  
co m p a re  t h e  v e g e t a t i o n  a b o v e  and b e l o w  t h e  dam s  i n  b r a c k i s h  a n d  
f r e s h w a t e r  marshes  impounded by b e a v e r  dams.
L i t e r a t u r e  Search  
Beaver  impoundments
The e f f e c t s  o f  b e a v e r  dam c o n s t r u c t i o n  i n  t i d a l  w e t l a n d s  and t h e  
r e s u l t a n t  impoundment a p p a r e n t l y  have  n o t  been  approached  as  a r e s e a r c h  
s u b j e c t .  A r e c e n t  r e v i e w  o f  t h e  l i t e r a t u r e  c o n c e r n i n g  b e a v e r s  (H o d g d o n  
and L a r s o n ,  1980)  p o i n t s  o u t  t h e  w id e  range  o f  r e s e a r c h  done c o n c e r n i n g  
£ •  c a n a d e n s i s . but  no s t u d i e s  o f  b e a v e r  i n  t i d a l  marshes  a re  m e n t i o n e d .  
A DIALOG c o m p u t e r i z e d  l i t e r a t u r e  s e a r c h  f o r  s t u d i e s  on th e  c o m b in a t io n  
o f  b e a v e r  dams and m a r s h e s  y i e l d e d  no r e f e r e n c e s  t o  t h e  p r e s e n c e  o f  
b e a v e r s  i n  t i d a l  marshes  nor were r e f e r e n c e s  found c o n c e r n i n g  t h e  e f f e c t  
o f  b e a v e r  dams on t h e i r  env ironm en t  i n  t i d a l  m a r s h e s .  Beaver were  found  
i n  t h e  t i d a l  f r e s h w a t e r  m a r s h e s  on t h e  Chickahominey R i v e r ,  V i r g i n i a .  
W il d  r i c e  was  o b s e r v e d  on  b o t h  s i d e s  o f  t h e  d a m s ,  w i t h  t h e  o n l y  
d i f f e r e n c e  b e i n g  t h a t  t h e  w i l d  r i c e  was more open upstream o f  th e  dam 
(Odum e t  a l .  1 9 8 4 ) .  O t h e r  r e f e r e n c e s  p e r t a i n i n g  t o  t h e  a n i m a l s  
a s s o c i a t e d  w i t h  t i d a l  marshes  do n ot  r e c o g n i z e  b e a v e r s  as  a t i d a l  marsh  
i n h a b i t a n t  ( D a i b e r ,  1 9 8 2 ) .
B e a v e r s  h a v e  b een  r e p o r t e d  i n  th e  l i t e r a t u r e  as  a mammal t h a t  
e x i s t s  i n  w e t l a n d  h a b i t a t s  ( V J e l l e r ,  1 9 8 1 ;  Shaw and F r e d i n e ,  1 9 5 6  ; 
C h a b r e c k ,  1 9 7 8 )  and as a mammal t h a t  c r e a t e s  marsh by ch an g in g  s tream s  
t o  p r o d u c t i v e  w e t l a n d s  (Naiman e t  a l .  1984;  W e l l e r ,  1 9 8 1 ) .  H e r b a c e o u s  
w e t l a n d s  a r e  c o n s i d e r e d  a b e a v e r  h a b i t a t  i n  a h a b i t a t  s u i t a b i l i t y  model
4( A l l e n ,  1 9 8 2 ) .  E ven  t h o u g h  A l l e n  d i s c u s s e d  b e a v e r  u s e  o f  w e t l a n d s ,  
t i d a l  w e t l a n d s  a r e  n o t  s p e c i f i c a l l y  a d d r e s s e d .  P a l u s t r i n e  and  
l a c u s t r i n e  w e t l a n d s ,  b o t h  n o n - t i d a l  s y s t e m s ,  a r e  t h e  o n l y  o n e s  
c o n s i d e r e d  i n  A l l e n ' s  s t u d y .  The U n i t e d  S t a t e s  F i s h  and W i l d l i f e  
S e r v i c e  (Shaw and F r e d i n e ,  1 9 5 6 )  s t u d i e d  t h e  w e t l a n d s  o f  t h e  U n i t e d  
S t a t e s  i n  r e l a t i o n  t o  t h e i r  v a l u e  t o  w i l d l i f e .  B eavers  were r e p o r t e d  
u s i n g  f r e s h  and s a l i n e  i n l a n d  w e t l a n d s  and c o a s t a l  w e t l a n d s ,  b u t  b e a v e r  
u s e  o f  c o a s t a l  w e t l a n d s  was r e p o r t e d  by o n l y  a few s t a t e s .  V i r g i n i a ' s  
s t u d y  o f  w i l d l i f e  u s e  o f  w e t l a n d s  r e p o r t e d  no u s e  o f  c o a s t a l  w e t l a n d s  by  
b e a v e r s  ( O f f i c e  o f  R iv e r  B a s in  S t u d i e s ,  1 9 5 4 ) .  In W e l l e r ' s  1981 s tu d y  
o f  t h e  w i l d l i f e  f o u n d  i n  t i d a l  and i n l a n d  m a r s h e s ,  t h e  b e a v e r  i s  
r e c o g n i z e d  as  a marsh i n h a b i t a n t ,  but t i d a l  marshes  a re  n o t  s p e c i f i c a l l y  
d e s c r i b e d  a s  a h a b i t a t  f o r  b e a v e r s .  W e l l e r  ( 1 9 8 1 )  f o u n d  n o  
d o c u m e n t a t i o n  o f  b e a v e r  s u c c e s s  w h e n  t h e y  m o v e  i n t o  t h e  m a rs h  
e n v i r o n m e n t .  A s t u d y  o f  M a r y l a n d ' s  c o a s t a l  w e t l a n d  v e g e t a t i o n ,  
i n c l u d i n g  i t s  v a l u e  t o  w i l d l i f e ,  r e c o g n i z e s  b e a v e r s  as u t i l i z i n g  w e t la n d  
p l a n t s  f o r  food  (McCormick and Somes,  1 9 8 2 ) .
Beaver  dams a re  found i n  t h e  n o n - t i d a l  w e t l a n d s  o f  Beaverdam Creek ,  
a t r i b u t a r y  o f  th e  Ware R i v e r ,  G l o u c e s t e r  County ,  V i r g i n i a  ( A i t k e n h e a d  
and J o n e s ,  1 9 8 3 ) .  The b e a v e r  dams a r e  r e s p o n s i b l e  f o r  c r e a t i n g  open  
w a t e r  and h e r b a c e o u s  w e t l a n d s  b e h i n d  t h e  d am s,  i n c r e a s i n g  t h e  f l o r a l  
d i v e r s i t y  and p r o v i d i n g  a v a r i e t y  o f  w e t la n d  h a b i t a t s  (A i tk e n h e a d  and 
J o n e s ,  1 9 8 3 ) .
S t u d i e s  h a v e  b e e n  d o n e  on  t h e  e f f e c t  o f  b e a v e r  dams on t h e i r  
e n v i r o n m e n t  i n  n o n - t i d a l  a r e a s .  A c o m p a r i s o n  o f  t h e  v e g e t a t i o n  
s u r r o u n d i n g  a c t i v e  b e a v e r  dams and abandoned dams was r e p o r t e d  by N e f f  
( 1 9 5 7 )  i n  C o lo r a d o .  P r o d u c t i o n  i n d i c e s  o f  g r a s s e s  and s e d g e s  a re  h i g h e r
5i n  t h e  a b a n d o n e d  a r e a s  t h a n  i n  t h e  a c t i v e  a r e a s .  The poor p r o d u c t i o n  
r e c o r d e d  on t h e  o c c u p i e d  s i t e s  i s  a t t r i b u t e d  t o  t h e  l a r g e  i n u n d a t e d  
a r e a  b e h i n d  t h e  dam ( N e f f ,  1 9 5 7 ) .  Naiman and M e l i l l c  have done s t u d i e s  
on t h e  e f f e c t  o f  b e a v e r  dams on v a r i o u s  c o m p o n e n t s  o f  t h e  e n v i r o n m e n t  
( N a i m a n  and M e l i l l o ,  1 9 8 4 ;  Naiman e t  a l .  1 9 8 4 ) .  Dam b u i l d i n g  and  
f e e d i n g  h a b i t s  o f  b e a v e r s  a l t e r  t h e  s t r e a m  e c o s y s t e m .  Dams r e t a i n  
s e d i m e n t ,  o r g a n i c  m a t t e r  and w a t e r  r e s u l t i n g  i n  a c h a n g e d  c h a n n e l  
geomorphology  and m o d i f i e d  n u t r i e n t  c y c l e s  ( F r a n c i s  e t  a l .  1 9 8 3 ;  Naiman  
e t  a l .  1 9 8 4 ) .  H a b i t a t  d i v e r s i t y  i s  i n c r e a s e d  by t h e  c r e a t i o n  o f  s m a l l  
" d i s t u r b a n c e  z o n e s "  (Naiman and M e l i l l o ,  1 9 8 4 ) .  A q u a t i c  p r o d u c t i v i t y  i s  
i n c r e a s e d  b y  l e a c h i n g  o f  n i t r o g e n  and phosphorus  from t h e  f l o o d e d  area  
(Naiman and M e l i l l o ,  1 9 8 4 )  w h i l e  t o t a l  p r o d u c t i v i t y  i s  i n c r e a s e d  by  
e n l a r g i n g  t h e  s h o r e l i n e  and w a t e r  s u r f a c e  a r e a  (Naiman e t  a l .  1 9 8 4 ) .  
Naiman and M e l i l l o  ( 1 9 8 4 )  n o t e  £ h e r e  a re  few i n s t a n c e s  o f  q u a n t i f i c a t i o n  
o f  t h e  changes  i n  an e c o s y s t e m  b e c a u s e  o f  b e a v e r  dams.
Man-made impoundments
The i m p a c t  o f  t h e  m a n i p u l a t i o n  o f  t h e  w a ter  l e v e l  i n  impoundments  
on th e  v e g e t a t i o n  which  a t t r a c t s  w a t e r f o w l  has  b een  i n v e s t i g a t e d  ( H a r r i s  
and M a r s h a l l ,  1963;  F r e d r i c k s o n ,  1 9 8 2 ) .  Water i s  removed and r e f l o o d e d  
a t  v a r y i n g  r a t e s ,  a t  d i f f e r e n t  t im e s  o f  t h e  y e a r .  M a n i p u l a t i n g  w a t e r  
l e v e l s  i n  s e a s o n a l l y  f l o o d e d  impoundments p rod u ces  d i f f e r e n t  t y p e s  o f  
v e g e t a t i o n  ( F r e d r i c k s o n ,  1 9 8 2 ) .  A n n u a l  d r a w d o w n s ,  d r a i n i n g  t h e  
i m p o u n d m e n t ,  e a r l y  i n  t h e  g r o w i n g  s e a s o n  r e s u l t  i n  h i g h e r  t o t a l  s e e d  
p r o d u c t i o n ,  w hereas  drawdowns l a t e r  i n  t h e  s e a s o n  p r o d u c e  h i g h e r  s t e m  
d e n s i t y  and g r e a t e r  s p e c i e s  d i v e r s i t y .  The r a t e  a t  w h i c h  w a t e r  i s  
removed a l s o  a f f e c t s  t h e  v e g e t a t i v e  c o v e r .  H igher  d i v e r s i t y  i s  r e c o r d e d
6when e a r l y  s e a s o n  d r a i n a g e  i s  done s l o w l y ,  over  a p e r i o d  o f  two weeks or  
m ore.  A m ore  u n i f o r m  v e g e t a t i o n  co m m u n ity  a p p e a r s  a f t e r  a q u i c k e r  
( w i t h i n  a few days )  e a r l y  s e a s o n  drawdown, whereas  th e  q u i c k e r  d r a i n a g e  
l a t e  i n  t h e  growing  s e a s o n  r e s u l t s  i n  p l a n t s  l e s s  v a l u a b l e  t o  w a t e r f o w l .
V e g e t a t i o n  c h a n g e s  r e s u l t i n g  from lon g  term drawdown ( o n e  or more  
y e a r s  o f  w a ter  l e v e l  r e d u c t i o n )  and s u b s e q u e n t  r e s t o r a t i o n  o f  w a t e r  
l e v e l s  w e r e  m o n i t o r e d  i n  t h e  A g a s s i z  N a t i o n a l  W i l d l i f e  R e f u g e ,  
M i n n e s o t a .  The s p e c i e s  f l o o d e d ,  t h e  d ep th  o f  th e  f l o o d  w a t e r ,  and t h e  
l e n g t h  o f  t im e  t h e  a r e a  i s  f l o o d e d  d e te r m in e  t h e  v e g e t a t i o n  o f  impounded 
a r e a s .  Annuals  a re  e l i m i n a t e d  in  th e  f i r s t  y e a r .  A f o u r  y e a r  p e r i o d  o f  
i n u n d a t i o n  w i t h  3 8 . 1 c m  o f  w a t e r  k i l l s  e v e r y t h i n g  e x c e p t  a c a t t a i l  
h y b r i d  ( H a r r i s  and M a r s h a l l ,  1 9 6 3 ) .
The i m p a c t  o f  an  impoundment on v e g e t a t i o n  i n  a n o n - t i d a l  area  i s  
p r e d i c t e d  by an E n v i r o n m e n t a l  . I m p a c t  S t a t e m e n t  ( E I S )  f o r  a p r o p o s e d  
r e s e r v o i r  im poundm ent  i n  G l o u c e s t e r ,  V i r g i n i a  (A i tk e n h e a d  and J o n e s ,  
1 9 8 3 ) .  A c c o r d in g  to  th e  EIS t h e r e  w i l l  l i k e l y  be a t  l e a s t  f i v e  e f f e c t s :  
1 . s p e c i e s  e n d e m i c  t o  t h e  f l o o d e d  a r e a  w i l l  c o l o n i z e  new ly  impounded 
a r e a s ,  t h u s  an  e m e r g e n t  w e t l a n d  w i l l  r e m a i n  t h a t  w a y ;  2 .  t h e  
im pou n dm ent  w i l l  k i l l  t h e  h a r d w o o d s ;  3 .  new w e t la n d s  w i l l  e s t a b l i s h  
t h e m s e l v e s  n a t u r a l l y  w i t h i n  4 f e e t  o f  th e  p o o l  l e v e l ;  4 .  t h o s e  w e t l a n d s  
w i t h i n  t h i s  4 f o o t  r a n g e  o f  p o o l  l e v e l  w i l l  remain v i a b l e  w e t l a n d s  but  
t h e  community c o m p o s i t i o n  w i l l  change;  5 .  w e t la n d s  l o c a t e d  more than  10 
f e e t  b e l o w  p o o l  l e v e l  w i l l  b e  c o n v e r t e d  t o  m o n o t y p i c  o p e n  w a t e r  
(A i t k e n h e a d  and J o n e s ,  1 9 8 3 ) .
The e f f e c t  o f  t h e  impoundment o f  t i d a l  a r e a s  on v e g e t a t i o n  has  been  
s p a r s e l y  s t u d i e d .  T i d e w a t e r  b a r r i e r s  w e r e  e r e c t e d  i n  R o c k e f e l l e r  
R e f u g e ,  L o u i s i a n a ,  c r e a t i n g  permanent ly  f l  ooded b r a c k i s h  impoundments,
7p erm an en t ly  f l o o d e d  f r e s h w a t e r  impoundments,  and m a n ip u la te d  f r e s h w a t e r  
i m p o u n d m e n t s .  The v e g e t a t i o n  communit ies  o f  th e  impounded a r e a s  were  
compared to  s i m i l a r  c o n t r o l  a r e a s  i n  t h e  r e f u g e .  The im p o u n d e d  a r e a s  
h a v e  a l o w e r  p e r c e n t a g e  o f  v e g e t a t i v e  c o v e r a g e  than do th e  unimpounded  
c o n t r o l  a r e a s .  P erm anent ly  f l o o d e d  impoundments have  a s l i g h t l y  h i g h e r  
p e r c e n t  c o v e r a g e  t h a n  do f r e s h w a t e r  m a n i p u l a t e d  i m p o u n d m e n t s .  The 
impoundments s u p p o r t  a l a r g e r  number o f  s p e c i e s  t h a n  do t h e  c o n t r o l  
a r e a s ,  w i t h  t h e  m a n i p u l a t e d  f r e s h w a t e r  impoundments h a v in g  t h e  h i g h e s t  
number o f  s p e c i e s  (C hab reck ,  1 9 6 0 ) .
H i s t o r y  o f  b e a v e r s
The b e a v e r  p o p u l a t i o n  has  f l u c t u a t e d  o v e r  th e  c o u r s e  o f  th e  h i s t o r y  
o f  t h i s  c o n t i n e n t ,  w i t h  much o f  t h i s  f l u c t u a t i o n  due t o  man. When 
b e a v e r  h a t s  were  a f a s h i o n a b l e  n e c e s s i t y ,  t h e  b e a v e r  was t r a p p e d  fr o m  a 
p l e n t i f u l  p o p u l a t i o n  t o  s a t i s f y  t h i s  t r a d e .  T r a p p i n g  d e p l e t e d  
b e a v e r  p o p u l a t i o n  th rou gh ou t  t h e  North  American c o n t i n e n t ,  and i n  1 9 1 0  
t h e  b e a v e r  was c o n s i d e r e d  e x t i n c t  i n  V i r g i n i a .  T h is  c o n d i t i o n  p r e v a i l e d  
u n t i l  1932 when t h e  V i r g i n i a  C o m m is s i o n  o f  Game and I n l a n d  F i s h e r i e s  
(VCGIF) i m p o r t e d  f i v e  p a i r s  o f  b e a v e r .  T h is  e f f o r t  t o  r e i n t r o d u c e  th e  
b e a v e r  to  V i r g i n i a  was j o i n e d  by th e  N a t i o n a l  P a r k  S e r v i c e ,  and s e v e n  
m o r e  p a i r s  w e r e  a d d e d  i n  1 9 3 7  ( B a i l e y ,  1 9 4 6 ) .  T h i s  p r o g r a m  was  
c o n t i n u e d  i n  m an y  c o u n t i e s  t h r o u g h o u t  t h e  s t a t e ,  e f f e c t i v e l y  
r e i n t r o d u c i n g  th e  b e a v e r  t o  one o f  i t s  n a t u r a l  h a b i t a t s .
P r o t e c t i o n  was  p r o v i d e d  by t h e  Commonwealth  f o r  b e a v e r ,  C a s t o r  
c a n a d e n s i s . by a c o n t r o l l e d  t r a p p i n g  program. Beavers  may not  be h u nted  
o r  s h o t  a t  any t im e o f  th e  y e a r  (VCGIF Reg 4 - 1 : 0 1 ) .  I n  t h e  t i d e w a t e r
8a r e a  b e a v e r  may b e  t r a p p e d  by l i c e n s e d  t r a p p e r s  o n l y  from December 15 
through  February 29 (Va.  Code 2 9 - 1 3 9 . 1 ) .
S i n c e  i t s  r e i n t r o d u c t i o n , t h e  b e a v e r  p o p u l a t i o n  has  expanded i n  
V i r g i n i a .  No o r g a n i z e d  c e n s u s  i s  c o n d u c te d ,  th ou gh  some i n d i c a t i o n  o f  
t h e  s i z e  o f  t h e  p o p u l a t i o n  can be s e e n  i n  t h e  number o f  t a g g e d  b e a v e r s  
t h a t  t h e  VCGIF r e p o r t s  each  y e a r .  Because  t h e  number o f  p e l t s  t a k e n  i s  
a l s o  i n f l u e n c e d  by t h e  p r i c e  t h a t  t h e  p e l t s  a r e  b r i n g i n g  each  y e a r ,  
t h e s e  numbers can o n l y  be s e e n  as an i n d i c a t i o n  o f  a t r e n d .  The number  
o f  t a g g e d  b e a v e r s  h a s  r i s e n  f ro m  a p p r o x i m a t e l y  3 0 0  i n  t h e  1969-1970  
s e a s o n  t o  a p p r o x i m a t e l y  1 3 , 0 0 0  i n  t h e  1 9 8 1 - 1 9 8 2  s e a s o n .  S i n c e  t h a t  
y e a r ,  t h e r e  h a s  b e e n  a d e c r e a s e  i n  b e a v e r s  t a g g e d .  The 1 9 8 3 - 8 4  
s t a t e w i d e  t o t a l  o f  t a g g e d  b e a v e r s  was 4 , 8 2 1  (VCGIF, 1 9 7 7 ,  1 9 8 3 ,  1 9 8 4 ) .  
The h i g h e s t  number o f  r e p o r t e d  t a g g e d  b e a v e r s  i n  King W i l l i a m  County 
o c c u r r e d  in  1 9 7 7 - 7 8 ,  and d e c l i n e d  from t h a t  y e a r .  O t h e r w is e ,  t h e  t a g g e d  
b e a v e r  t o t a l s  f o r  t h e  c o u n t i e s  i n  t h e  a r e a  o f  t h e  s t u d y  s i t e s ,  King  
W i l l i a m ,  K ing  and Q u e e n ,  James  C i t y ,  and New K e n t ,  f o l l o w  t h e  same  
p a t t e r n  as th e  s t a t e w i d e  t o t a l s .
The l a c k  o f  i n v e s t i g a t i o n  o f  b e a v e r s  and t h e  e f f e c t  o f  t h e i r  dams 
o n  t h e  e n v i r o n m e n t  h a s  b e e n  n o t e d  a n d :  " . . . t h e  r o l e  o f  b e a v e r  i n
i n f l u e n c i n g  i n t e r a c t i o n s  b e tw een  t e r r e s t r i a l  a n t i  a q u a t i c  e c o s y s t e m s ,  and 
in  th e  s t r u c t u r i n g  o f  t h o s e  e c o s y s t e m s ,  d e s e r v e s  s e r i o u s  c o n s i d e r a t i o n . ” 
(Naiman and M e l i l l o ,  1984 p . 1 4 ) .  As b ea v er  p o p u l a t i o n s  grow and b e a v e r s  
m i g r a t e  i n t o  t i d a l  w e t l a n d s ,  t h e r e  i s  i n c r e a s e d  need  f o r  th e  s tu d y  o f  
th e  impact b e a v e r s  have on th e  w e t la n d  en v ir o n m en t .
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S i t e  Study
Two a c c e s s i b l e  c r e e k s ,  e a c h  c o n t a i n i n g  a t  l e a s t  one b e a v e r  dam, 
i d e n t i f i e d  th rou gh  t h e  u s e  o f  a e r i a l  p h o to g ra p hs  ta k e n  from an a l t i t u d e  
o f  900 to  1 , 2 0 0  m e t e r s ,  were  ch o s en  as s t u d y  s i t e s  (Map I I ) .  Each marsh  
was ground t r u t h e d  c o n f i r m i n g  i t s  t i d a l  n a t u r e  and t h e  p r e s e n c e  o f  a 
dam. A s a m p l i n g  s c h e m e  was  s e t  up t o  document t h e  ap parent  change i n  
v e g e t a t i o n  o b s e r v e d  above  b e a v e r  dams i n  a b r a c k i s h  marsh on Ware C r e e k  
a n d  i n  a f r e s h w a t e r  m a r s h  on  U n i c o r n  C r e e k .  H i s t o r i c a l  d a t a  w e r e  
i n v e s t i g a t e d  t o  a s s e s s  e v i d e n . e e  s u p p o r t i n g  t h e  h y p o t h e s i s  t h a t  t h e  
b e a v e r  dams were t h e  c a u s e  o f  o b s e r v e d  changes  i n  v e g e t a t i o n .
C onta ined  w i t h i n  a mixed  p in e -h ard w ood  f o r e s t  l o c a t e d  on a r o l l i n g  
c o a s t a l  p l a i n ,  Ware C r e e k  i s  a t r i b u t a r y  o f  t h e  York R iv e r  (Map I I I ) .  
I t  i s  encompassed by 196 h e c t a r e s  o f  marsh r a n g in g  f ro m  b r a c k i s h  m a r s h  
a t  i t s  m ou th  t o  f r e s h w a t e r  marsh a t  i t s  upper  r e a c h e s  (D o u m l e le ,  1979;  
Moore,  1 9 8 0 ) .  Ware Creek i s  i t s e l f  f e d  by s e v e r a l  s m a l l e r  t r i b u t a r i e s .  
The s t u d y  s i t e  c o n t a i n i n g  t h e  two b e a v e r  dams i s  l o c a t e d  on one o f  t h e s e  
t r i b u t a r y  c r e e k s  i n  a b r a c k i s h  m a r s h  (Map I I I ) .  A b i g  c o r d g r a s s  
( S p a r t  i n a  c y n o s u r o i d e s ) marsh e x t e n d s  up t o  t h e  dam. The b i g  c o r d g r a s s  
community ends a b r u p t l y  on a l i n e  c o i n c i d i n g  w i t h  t h e  v e g e t a t i o n  growing  
on t h e  f i r s t  b e a v e r  dam and i s  r e p l a c e d  by an arrow arum community.  The 
dam i t s e l f  i s  a p p r o x i m a t e l y  3 m h i g h ,  2 m w id e  and 213 m i n  l e n g t h  and
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i s  c o n s t r u c t e d  o f  v a r i o u s  l e n g t h s  and w id t h s  o f  t r e e  tru n k s  and b ra n ch es  
making a s t r u c t u r e  s o l i d  enough t o  walk  a c r o s s  w i t h  r e l a t i v e  e a s e .  The  
im p o u n d e d  area  i n c l u d e s  m a in ly  open w a ter  w i t h  s c a t t e r e d  p o p u l a t i o n s  o f  
arrow arum ( P e l t a n d r a  v i r e i n i c a ) . The f o r m e r  c r e e k  c h a n n e l  c a n  b e  
t r a c e d  on t h e  a e r i a l  p h o to g r a p h s  and o b s e r v e d  i n  t h e  f i e l d .  The arrow  
arum community i s  i n t e r r u p t e d  by  a l i n e  o f  v e g e t a t i o n  g r o w i n g  on t h e  
s e c o n d  dam composed p r e d o m i n a t e l y  o f  marsh m al low  ( H i b i s c u s m o s c h e u t o s ) 
a n d  swamp m i l k w e e d  ( A s c l e p i a s  i n c a r n a t a ) . T h e  s e c o n d  dam i s  
a p p r o x i m a t e l y  2 3 9  m l o n g  and 2 m e te r s  w i d e .  The impounded a r e a  above  
t h e  secon d  dam i s  a l s o  an a r r o w  arum c o m m u n i ty  i n  o p e n  w a t e r  w i t h  a 
v i s i b l e  c r e e k  c h a n n e l .
The secon d  s i t e  ch o s en  was an unnamed t i d a l  marsh c r e e k ,  h e r e a f t e r  
r e f e r r e d  t o  as  U n ico rn  C reek .  U n ico rn  Creek and an unnamed t i d a l  c r e e k  
o f  s i m i l a r  p h y s i c a l  f e a t u r e s  arid p l a n t  c o m m u n i t i e s  j o i n  t h e  Pamunkey  
R i v e r  a p p r o x i m a t e l y  8 . 3  km u p r i v e r  from West P o i n t ,  V i r g i n i a  (Map IV) . 
The unnamed c r e e k  i s  surrounded by 14 h e c t a r e s  o f  b i g  c o r d g r a s s  m a r s h  
( D o u m l e l e ,  1 9 7 9 )  a n d  c o n t a i n s  no b e a v e r  d a m s .  U n i c o r n  C r e e k  i s  
su rrounded  by 16 h e c t a r e s  o f  b i g  c o r d g r a s s  community ( D o u m l e l e ,  1 9 7 9 ) .  
T h i s  s t u d y  f o u n d  t h a t  on  U n i c o r n  C r e e k  t h e  b i g  c o r d g r a s s  i s  r e p l a c e d  
a p p r o x i m a t e l y  250 m e t e r s  downstream from th e  b e a v e r  dam by a m i x t u r e  o f  
v e g e t a t i o n  i n c l u d i n g  c a t t a i l  ( Tvnha s p p . ) ,  s a l t m a r s h  c o r d g r a s s  ( S n a r t i n a  
a l t e r n i f l o r a ) . a r r o w  arum ( P e l t a n d r a  v i r g i n i c a ) . and m a rs h  m a l l o w  
( H i b i s c u s  m o s c h e u t o s ) . The b e a v e r  dam i t s e l f ,  c o v e r e d  by a t a l l e r  l i n e  
o f  v e g e t a t i o n  d o m i n a t e d  b y  w a t e r  w i l l o w  ( D e c o d o n  v e r t i c i l l a t u s ) and  
w a t e r  d o c k  ( Rumex v e r t i c i l l a t u s ) , d i v i d e s  t h e  impounded a r e a  from t h e
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downstream marsh .  The dam on U n ico rn  Creek i s  o f  s i m i l a r  c o n s t r u c t i o n ,  
h e i g h t , and w i d t h  a s  t h e  dams found on Ware Creek and i s  a p p r o x i m a t e l y  
240 m l o n g .  The im p o u n d e d  a r e a  on U n i c o r n  C r e e k  i s  v e g e t a t e d  by an  
a r r o w  arum co m m u n i ty  m i x e d  w i t h  dead t r e e s .  The former  c r e e k  ch a n n e l  
w ind s  from th e  dam upstream  to  t h e  f a s t l a n d .  U n i c o r n  C r e e k ,  l i k e  Ware  
C r e e k ,  i s  l o c a t e d  i n  a mixed  p in e-hard w ood  f o r e s t  on a r o l l i n g  c o a s t a l  
p l a i n .  A b e a v e r  lo d g e  c o n s t r u c t e d  o f  t h e  same t y p e  o f  m a t e r i a l  a s  t h e  
dam i s  l o c a t e d  j u s t  above  t h e  dam on U nico rn  C reek .
Comparison o f  v e g e t a t i o n  maps,  s p e c i e s  c o m p o s i t i o n ,  d i v e r s i t y ,  and
n e t  p r o d u c t i o n  o f  t h e  v e g e t a t i o n  above and b e lo w  th e  dam was p ro p o sed  to
d o c u m e n t  t h e  o b s e r v e d  c h a n g e  i n  v e g e t a t i o n  a b o v e  t h e  b e a v e r  d a m .
V e g e t a t i o n  maps o f  t h e  two s i t e s  were p rep a red  th rou gh  t h e  u s e  o f  a e r i a l
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p h o to g r a p h s  and ground t r u t h i n g .  Two lm markers  were  p l a c e d  100 m e t e r s  
a p a r t  t o  e s t a b l i s h  a s c a l e  f o j  t h e  a e r i a l  p h o t o g r a p h s .  C olor  i n f r a r e d  
p h o to g r a p h s  were ta k e n  from t h e  bay o f  a D eH a v i l la n d  Beaver  a i r c r a f t  i n  
l a t e  summer and e a r l y  f a l l  o f  1 9 8 0 .  V e g e t a t i o n  maps were  drawn from  
t h e s e  p h o to g ra p h s  u s i n g  a Bausch and Lomb zoom t r a n s f e r  s c o p e  model  ZT4- 
K. C o m m u n i t i e s  w e r e  d e l i n e a t e d  b a s e d  on t h e  d i f f e r e n c e s  i n  c o l o r  and 
t e x t u r e  s e e n  on t h e  p h o t o g r a p h s  ( C o w a r d i n  and M y e r s ,  1 9 7 4 ;  Shima and  
C a r t e r ,  1 9 7 6 ) .  E a c h  s i t e  was  g r o u n d  t r u t h e d  and t h e  c o m m u n i t i e s  
c o n f i r m e d .  The a r e a  c o v e r e d  by each  v e g e t a t i o n  com m un ity  was  m e a s u r e d  
u s i n g  a Numonics model  1224 e l e c t r o n i c  d i g i t i z e r .
T i d a l  i n f l u e n c e  and s a l i n i t y  w ere  o b s e r v e d  a t  th e  two s i t e s .  Each  
dam w as  v i s i t e d  a t  an e x c e p t i o n a l l y  h i g h  t i d e  and a t  a l o w  t i d e  to  
o b s e r v e  t h e  e x t e n t  o f  t h e  t i d a l  i n f l u e n c e .  S a l i n i t y  sam ples  w e r e  t a k e n






D i v e r s i t y  and P r o d u c t i v i t y  S t u d i e s
P r o c e d u r e s  w e r e  e s t a b l i s h e d  t o  s a m p l e  t h e  d i v e r s i t y  a n d  
p r o d u c t i v i t y  o f  t h e  v e g e t a t i o n  on b o t h  s i d e s  o f  t h e  dams a n d  t h e  
v e g e t a t i o n  on e a c h  dam. U s i n g  t h e  v e g e t a t i o n  maps w i t h  a g r i d  and a 
random numbers t a b l e ,  sample  s i t e s  were s e l e c t e d  i n  each  community.  One 
d i v e r s i t y  s a m p l in g  s i t e  was e s t a b l i s h e d  i n  each  dam community b e c a u s e  o f  
i t s  s m a l l  s i z e .  Three  s i t e s  w ere  e s t a b l i s h e d  i n  a l l  o t h e r  c o m m u n i t i e s
( T a b l e  I ) .  F o r  t h e  p r o d u c t i v i t y  s t u d i e s ,  t h e  number o f  s i t e s  v a r i e d
' 2 
from one in  th e  dam community w h i c h  was  u n d e r  100m t o  f i v e  s i t e s  i n
2t h o s e  com m un it ie s  o v e r  5000m . A sample  bag from each  arrow arum a b o v e -  
the-dam community was l o s t  i n  t r a n s i t  from t h e  f i e l d ,  l e a v i n g  o n l y  f o u r  
s i t e s  r e c o r d e d  f o r  t h e s e  two l a r g e  communit ies  ( T a b l e  I ) .
D i v e r s i t y
S i t e s  w e r e  m a rk ed  w i t h  p o l y v i n y l  c h l o r i d e  (PVC) p i p e  a t  o p p o s i t e  
c o r n e r s  o f  a m eter  square  q u a d r a t .  An e a r l y  summer ( l a t e  May o r  e a r l y  
June)  .and a l a t e  summer ( l a t e  August  or  e a r l y  September) sam pl ing  scheme  
was p r o p o s e d .  A l l  s p e c i e s  found w i t h i n  t h e  quadrat  a t  each  s t a t i o n  were  
r e c o r d e d .  U s i n g  t h e  B r a u n - B l a n q u e t  co v e r -a b u n d a n c e  s c a l e  (Wilkum and 
S h a n h o l t z e r ,  1 978 )  a number was  a s s i g n e d  f o r  e a c h  s p e c i e s  c o n t a i n e d  
w i t h i n  t h e  quadrat  and f o r  th e  t o t a l  v e g e t a t i o n  w i t h i n  th e  q u a d r a t .
P roduct  i v i t y
S a m p l i n g  was  d o n e  o n c e  i n  S e p t e m b e r ,  1 9 8 1 .  The v e g e t a t i o n  i n  
2
0 .25m  p l o t s  was c l i p p e d  a t  ground l e v e l .  A l l  t h e  c l i p p i n g s  and d e a d  
v e g e t a t i o n  w e r e  c o l l e c t e d .  I t  was d i f f i c u l t  t o  d e te r m in e  ground l e v e l  
and c o l l e c t  a l l  l i v e  and d e a d  m a t e r i a l  w h e n  t h e  s a m p l e  p l o t  w a s
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i n u n d a t e d  b e c a u s e  t h e  w a t e r  was  t u r b i d .  Dead and l i v e  m a t e r i a l  was 
s e p a r a t e d  and s o r t e d  a c c o r d i n g  t o  s p e c i e s .  R e g i o n a l  m a n u a l s  w e r e  u s e d  
f o r  i d e n t i f i c a t i o n  p u r p o s e s  ( B e a l ,  1 9 7 7 ;  R a d f o r d  e t  a l .  1 9 6 8 ;  
S i l b e r h o r n ,  1 9 7 6 ) .  L i v i n g  m a t e r i a l ,  by s p e c i e s ,  and dead m a t e r i a l  w e r e  
p l a c e d  i n  p a p e r  b a g s  and  d r i e d  i n  an  o v e n  a t  115 d e g r e e s  c e n t i g r a d e .  
T h is  h i g h e r  t e m p e r a tu r e  was u s e d  to  dry t h e  h i g h  w a t e r  c o n t e n t  s p e c i e s  
t o  a v o i d  fu n gus  g ro w th .  The t im e  r e q u i r e d  t o  dry  t h e  p l a n t s  v a r i e d  from 
s p e c i e s  t o  s p e c i e s .  The dry  w e i g h t  was  m e a s u r e d  t o  t h e  n e a r e s t  0 . 0 1  
gram and r e c o r d e d .
A n a l y s i s  o f  Data
A - d i v e r s i t y  i n d e x  w as  c a l c u l a t e d  u s i n g  t h e  Shannon Weaver ( 1 9 4 9 )  
formula* The B ra u n -B la n q u et  numbers had to  be  c o n v e r t e d  t o  a stem count  
i n  o r d e r  t o  u t i l i z e  t h e  S h a n n o n  Weaver  fo r m u la  w hich  r e q u i r e s  a stem  
cou n t  t o  c a l c u l a t e  i m p o r t a n c e  p r o b a b i l i t i e s  (Wikum and S h a n h o l t z e r ,  
1 9 7 8 ) .  The B r a u n - B l a n q u e t  numbers were c o n v e r t e d  to  an e q u i v a l e n t  o f  
s tem count  u s i n g  t h e  f o l l o w i n g  form u la :
SC * MCR X TC%
Where:
SC = Stem Count e q u i v a l e n t
MCR* Mid p o i n t  o f  Cover Range (Wikum and S h a n h o l t z e r ,  1978)
TC%= % o f  m eter  sq uar e  Covered by T o t a l  v e g e t a t i o n ,
The Shannon Weaver d i v e r s i t y  in d e x  c a l c u l a t i o n s  were performed on a 
H e w l e t t  P a c k a r d  p r o g r a m m a b l e  c a l c u l a t o r  (Thomas F r e d e t t e  p e r s .  comm.) 
u s i n g  t h e  f o l l o w i n g  fo r m u la :
H' * -  ( P i l o g P i  
w h e r e :
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P i  -  im p ortance  p r o b a b i l i t i e s
H' = Shannon Weaver D i v e r s i t y  Index  (Shannon and Weaver,  1949)
T h e  S h a n n o n  W eaver  I n d e x  was  c o m p u t e d  f o r  e a c h  q u a d r a t .  The  
Shannon Weaver D i v e r s i t y  I n d i c e s  f o r  a l l  q u ad r a ts  i n  each  community were  
a v e r a g e d  t o  e s t a b l i s h  a d i v e r s i t y  in d e x  f o r  each  community.
The d a ta  were t e s t e d  f o r  normal d i s t r i b u t i o n  u s i n g  t h e  R a n k i t  t e s t
( R o h l f  and S o k a l ,  1 9 8 1 ;  S o k a l  and R o h l f ,  1 9 6 9 )  and f o u n d  n o t  t o  be
n o r m a l l y  d i s t r i b u t e d .  T h e r e f o r e ,  t h e  n o n p a r a m etr ic  Mann W h itn ey  U t e s t  
was u s e d  t o  t e s t  f o r  t h e  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  p r o d u c t i v i t y  and 
d i v e r s i t y  above  and b e low  t h e  dam. The Mann Whitney form u la  c a l c u l a t e s  
t h e  s t a t i s t i c  U as  f o l l o w s :
tt «  . Na (Na+1) _U = Na x  Nb + -—^ “ Ra
and
. Nb (Nb+1) ^U = Na x  Nb + ----2---------------
w h e r e :
Na = number "above - the -d am "  s t a t i o n s  
Nb -  number "be lo w -th e-d am "  s t a t i o n s  
Ra -  t o t a l  ranks  o f  "above - the -d am "
Rb = t o t a l  ranks  o f  ' 'be low-the-dam"
Both U c a l c u l a t i o n s  were done and t h e  s m a l l e s t  U v a l u e  was  u s e d  i n  t h e  
t a b l e s  t o  d e t e r m i n e  w h e t h e r  t h e  two g r o u p s  w e r e  drawn from t h e  same 
p o p u l a t i o n  ( S i e g e l ,  1 9 5 6 ) .  The d i v e r s i t y  i n d i c e s  and p r o d u c t i v i t y  d a t a  
w e r e  r a n k e d  i n  o r d e r  o f  i n c r e a s i n g  s i z e  ( S e e  ap p en d ix )  . The t o t a l  o f  
ranks  f o r  each  s i d e  o f  th e  dam was c a l c u l a t e d  by a d d i n g  t h e  r a n k s  o f  
a b o v e - th e -d a m  o b s e r v a t i o n s  and b e lo w - th e -d a m  o b s e r v a t i o n s .
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H i s t o r i c a l  Data
E a r l y  p h o t o g r a p h s  o f  t h e  a r e a  which  p r e d a t e d  t h e  c o n s t r u c t i o n  o f  
t h e  dams were so u g h t  t o  compare w i t h  c u r r e n t  p h o to g ra p h s  t o  d e te r m i n e  i f  
t h e  v e g e t a t i o n  changed a f t e r  t h e  dams were  b u i l t .  The d a ta  g a t h e r e d  i n  
t h i s  s tu d y  were a l s o  compared t o  t h e  i n f o r m a t i o n  f o u n d  i n  t h e  W e t l a n d  
I n v e n t o r i e s  ( D o u m l e l e ,  1 9 7 9 ) .
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Map I I I  
Ware Creek  
Shaded A reas  = Marsh (New Kent County)
H O l l Y  FORKS
(600)
SCAIC 1 r  7 4 .0 0 0
10001000 7300 rtIT
R I C H A R D S O N  
v M I L L P O N D
WARE CREEK TO HILL MARSH
(Doumlele,  1979,  p. 21)
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Map IV
U n ico rn  Creek and A d ja c e n t  Creek  
Shaded A reas  = Marsh (New Kent County)
(D
oum











T a b le  I  
V e g e t a t i o n  Communities
Community Dominant s p e c i e s  L o c a t i o n  s i t e s  per
community 
d i v  prod
U n ico rn  Creek
Cordgrass(BCG) S p a r t i n a  c v n o s u r o i d e s b e lo w  3 5
C a t t a i l Typha a u g u s t i f o l i a b e lo w 3 4
S a l tm a r s h  c o r d g r a s s S p a r t i n a  a l t e r n i f l o r a b e low 3 3
Arrow arum (A -b) P e l t a n d r a  v i r g i n i c a b e low 3 3
Wax m y r t l e L e e r s i a  o r v z o i d e s b e lo w 3 3
Dam H i b i s c u s  m o s ch eu to s o n / b e l o w 1 1
Arrow arum (A -a ) P e l t a n d r a  v i r g i n i c a above 3 4
Ware Creek
B ig  C ord grass  (BCG) S p a r t i n a  c v n o s u r o i d e s b e lo w 3 5
Dam #1 S p a r t i n a  c v n o s u r o i d e s on 1 1
Arrow arum (A -b e ) P e l t a n d r a  v i r g i n i c a b e tw een 3 5
( above)
C a t t a i l Tvpha a u g u s t i f o l i a b e tw een 3 3
( above)
Dam #2 P e l t a n d r a  v i r g i n i c a on( above) 1 1
Arrow arum (A -a ) P e l t a n d r a  v i r g i n i c a above 3 4
* F i r s t  l o c a t i o n  i s p h y s i c a l  l o c a t i o n  in  r e f e r e n c e  to  dam. The
s e c o n d  l o c a t i o n  i s  t h e one u s e d  f o r  s t a t i s t i c a l a n a l y s i s ,  i f d i f f e r e n !
from p h y s i c a l  l o c a t i o n *
RESULTS
S i t e  Study
Both U nicorn  and Ware Creeks a re  u n d e r  t i d a l  i n f l u e n c e  a s  f a r  a s  
t h e  dam, b u t  t h e  t i d a l  w a t e r s  a p p a r e n t l y  do n o t  b r e a c h  e i t h e r  dam even  
under e x c e p t i o n a l l y  h i g h  t i d e  c o n d i t i o n s .  Though i t  i s  p o s s i b l e  t h a t  a 
l a r g e  s t o r m  e v e n t  on a h i g h  t i d e  c o u l d  f o r c e  t h e  w a t e r  o v e r  t h e  dam, no 
d o cu m e n ta t io n  o f  t h i s  i s  a v a i l a b l e .
Ware C r e e k  i s  an  o l i g o h a l i n e  c r e e k  w i t h  a s a l i n i t y  o f  4 . 4 0 4  ppt  
d i r e c t l y  b e l o w  t h e  dam. U n i c o r n  C r e e k  i s  a f r e s h w a t e r  c r e e k .  The  
s a l i n i t y  b e lo w  t h e  dam m easu res  0 . 2 7 1  p p t .
V e g e t a t i o n  maps o f  t h e  two. s i t e s  a r e  show n i n  Maps V and VI w i t h
2t h e  a r e a  o f  e a c h  c o m m u n i ty  i n d i c a t e d  i n  m . Community c l a s s i f i c a t i o n  
was b ased  on t h e  a p p a ren t  dominant s p e c i e s .  When two c o m m u n i t i e s  h a v e  
t h e  same d o m i n a n t  s p e c i e s  b u t  a r e  l o c a t e d  d i f f e r e n t l y  w i t h  r e s p e c t  t o  
t h e  dam, t h e  l o c a t i o n  i s  added to  t h e  community d e s i g n a t i o n  ( e . g . ,  Arrow 
arum a b o v e ) .  C ommunit ies ,  dominant s p e c i e s  and t h e i r  l o c a t i o n  a r e  s e e n  
i n  T a b le  I .  On c l o s e r  e x a m i n a t i o n  o f  a e r i a l  p h o t o g r a p h s ,  a n o t h e r  dam 
was f o u n d  on  Ware C r e e k .  T h i s  dam, which  may have  b e e n  b u i l t  be tw een  
t h e  r e c o n n a i s s a n c e  f l i g h t  and t h e  f l i g h t  t o  p h o t o g r a p h  t h e  d am s ,  was  
i n c l u d e d  i n  t h e  s t u d y .  The downstream dam was d e s i g n a t e d  dam # 1 ,  and 
t h e  upstream dam was d e s i g n a t e d  dam # 2 .
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D i v e r s i t y  S t u d i e s
Sampling f o r  d i v e r s i t y  on  U n i c o r n  C r e e k  p r o c e e d e d  a c c o r d i n g  t o  
s c h e d u l e  w i t h  s a m p l i n g  d o n e  i n  l a t e  M a y / e a r l y  J u n e  a n d  l a t e  
S e p t e m b e r / e a r l y  October  o f  1 9 8 1 .  For Ware Creek,  t h e  S e p t e m b e r / O c t o b e r  
s a m p l e  w as  c o m p le t e d ,  but c o m p l i c a t i o n s  p r e v e n t e d  s a m p l in g  i n  May/June.  
A s p e c i e s  c o m p o s i t i o n  l i s t  f o r  each  c r e e k  i s  found in  th e  a p p e n d i x .  The 
number o f  s t a t i o n s  w h i c h  c o n t a i n e d  each  s p e c i e s  i s  i n d i c a t e d ,  and th e  
l o c a t i o n  o f  t h a t  s t a t i o n ,  a b o v e - t h e - d a m ,  o n - t h e - d a m ,  or  b e lo w - t h e - d a m  i s  
g i v e n .  The d i v e r s i t y  d a ta  a r e  p r e s e n t e d  i n  T ab le  I I  and F i g u r e s  I  and 
I I .
P r o d u c t i o n  (B io m a ss )  S t u d i e s
2
Organic  p r o d u c t i o n  d a ta  w e r e  c a l c u l a t e d  i n  g r / m  / y r . The t o t a l  
p r o d u c t i o n  was  d e t e r m i n e d  fo«r e a c h  s t a t i o n  by a d d i n g  t h e  m e a s u r e d  
p r o d u c t i v i t y  o f  a l l  l i v e  and d e a d  m a t e r i a l .  The p r o d u c t i o n  o f  a l l  
s t a t i o n s  i n  e a c h  c o m m u n i ty  was  a v e r a g e d  to  c a l c u l a t e  t h e  p r o d u c t i v i t y  
f o r  each  community.  The r e s u l t s  a r e  shown i n  T a b le  I I I  and F i g u r e s  I I I  
and IV.
A n a l y s i s  o f  Data
T h e  d a t a  f o r  d i v e r s i t y  a n d  p r o d u c t i v i t y  w e r e  n o t  n o r m a l l y  
d i s t r i b u t e d .  T e s t s  c o n d u c te d  f o r  normal d i s t r i b u t i o n  a r e  f o u n d  i n  t h e  
a p p e n d i x .  L a c k i n g  n o r m a l  d i s t r i b u t i o n ,  a b a s i c  a s s u m p t i o n  f o r  
p a r a m e t r i c  s t a t i s t i c s ,  n o n p a r a m e tr ic  s t a t i s t i c a l  a n a l y s i s  was r e q u i r e d .  
T h e  M a n n - W h i t n e y  U t e s t  was  c h o s e n  a s  i t  i s  " . . . o n e  o f  t h e  m o s t  
p o w e r f u l  o f  th e  n o n p a r a m e tr ic  t e s t s ,  and i t  i s  a most u s e f u l  a l t e r n a t i v e
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t o  t h e  p a r a m e t r i c  t  t e s t  when t h e  r e s e a r c h e r  w i s h e s  t o  a v o i d  t h e  t  
t e s t ' s  a s s u m p t i o n s . . . 11 ( S i e g e l , 1956  p .  1 1 6 ) .  R e s u l t s  o f  t h e  Mann  
Whitney  U t e s t  a r e  shown i n  T a b le  IV.
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Map V
V e g e t a t i o n  Map f o r  U nicorn  Creek
U N IC O R N  C R E E K
<•*
*| A r r o w  a r u m  
^ + J  ( a b o v e  d a m )  6 , 159m2
M y r t l e  752 m 2
A r r o w  a r u m  
( b e lo w  d a m ) III m
S a l t m a r s h  C o r d g r a s s
4 0 9
C a t t a i l s  3 ,575  m2
Big C o r d g r a s s  29,996,
D a m  - 7 ^
69
S C A L E
100
M E T E R S
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Map VI
V e g e t a t i o n  Map f o r  Ware Creek
W A R E  C R E E K
D a m  -W *2 ,  
32
A rro w  a r u m  
(a b o v e  d a m )
441
C a t t a i l s  455
A r r o w  a r u m  5,503 mJ 
( b e t w e e n  d a m s )





M E T E R S
T a b le  I I
Shannon Weaver D i v e r s i t y  In dex  o f  F a l l  Sample  
R ep o rted  by S t a t i o n s
Creek Community S t a t i o n H'
U nico rn B ig  c o r d g r a s s 1 0 . 0 0
U n ico rn Big  c o r d g r a s s 2 l o s t
U n ico rn B ig  c o r d g r a s s 3 0 . 0 0
U n ic o r n Big  c o r d g r a s s a v e r a g e 0 . 0 0
U nico rn C a t t a i l 1 0 . 0 1
U n icorn C a t t a i l 2 1 .5 3
U n ico rn C a t t a i l 3 1 . 8 6
U n ico rn C a t t a i l a v e r a g e 1 .1 3
U n ico rn S a l tm a r s h  c o r d g r a s s 1 1 .4 1
U n ico rn S a l tm a r s h  c o r d g r a s s 2 0 . 6 2
U n ico rn S a l tm a r s h  c o r d g r a s s 3 2 . 2 8
U nico rn S a l tm a r s h  c o r d g r a s s a v e r a g e 1 . 4 4
U n ico rn Arrow arum(below) 1 0 . 6 1
U n icorn Arrow arum(below) 2 1 . 7 6
U n ico rn Arrow arum(below) 3 2 . 0 3
U n ico rn Arrow arum(below) a v e r a g e 1 .4 7
U n ico rn Wax m y r t l e 1 1 . 4 2
U n ic o r n Wax m y r t l e 2 1 . 0 9
U n ic o r n Wax m y r t l e 3 2 . 2 0
U n ico rn Wax m y r t l e a v e r a g e 1 . 5 7
U n ico rn Dam 1 1 . 3 3
U n ico rn Arrow arum(above) 1 0 . 0 0
U n ic o r n Arrow arum(above) 2 0 . 0 0
U n ico rn Arrow arum(above) 3 0 . 0 0
U n ico rn Arrow arum(above) a v e r a g e 0 . 0 0
Ware Big  c o r d g r a s s 1 1 .21
Ware B ig  c o r d g r a s s 2 1 .6 3
Ware Big  c o r d g r a s s 3 1 .9 6
Ware B ig  c o r d g r a s s a v e r a g e 1 . 6 0
Ware Dam 1 1 . 2 4
Ware Arrow arum(between) 1 0 . 0 0
Ware Arrow arum(between) 2 0 . 9 5
Ware Arrow arum(between) 3 0 . 0 0
Ware Arrow arum(between) a v e r a g e 0 . 3 2
Ware C a t t a i l 1 0 . 0 1
Ware C a t t a i l 2 1 . 3 9
Ware C a t t a i l 3 1 . 0 8
Ware C a t t a i l a v e r a g e 0 . 8 3
Ware Dam 2 1 . 6 5
Ware Arrow arum(above) 1 0 . 0 0
Ware Arrow arum(above) 2 0 . 0 0
Ware Arrow arum(above) 3 0 . 0 0
Ware Arrow arum(above) a v e r a g e 0 . 0 0
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F i g u r e  I
Shannon Weaver D i v e r s i t y  Index  o f  F a l l  Samples  
from U n ic o r n  Creek ,





F i g u r e  I I
Shannon Weaver D i v e r s i t y  Index  o f  F a l l  Sampl 
from War.e Creek ,











T ab le  I I I  
Net P r o d u c t i o n  Data o f  F a l l  Sample ,  
R ep o rted  by S t a t i o n s
Creek Community S t a t i o n P r o d u c t i v i t y  
( g r s . / m ^ / y r )
U n ic o r n B ig  c o r d g r a s s 1 4 4 6 . 3 6
U nicorn Big  c o r d g r a s s 2 1 9 7 .2 0
U n ico rn B ig  c o r d g r a s s 3 6 5 3 . 4 0
U n icorn Big  c o r d g r a s s 4 3 4 7 . 6 8
U n icorn B ig  c o r d g r a s s 5 7 4 0 . 7 2
U n ico rn Big  c o r d g r a s s a v e r a g e 4 8 1 . 0 7
U nico rn C a t t a i l 1 3 9 5 . 5 6
U n ico rn C a t t a i l 2 4 2 5 . 6 0
U n icorn C a t t a i l 3 5 9 5 .7 6
U nicorn C a t t a i l 4 4 0 3 . 3 4
U n ico rn C a t t a i l a v e r a g e 4 5 5 .0 7
U n ico rn S a l tm a r s h  c o r d g r a s s 1 4 0 9 . 6 8
U n icorn S a l tm a r s h  c o r d g r a s s 2 616 .60
U n ico rn S a l tm a r s h  c o r d g r a s s 3 5 9 5 . 4 0
U n ico rn S a l tm a r s h  c o r d g r a s s a v e r a g e 5 4 1 .5 6
U n icorn Arrow arum(below) 1 5 0 . 4 8
U n ico rn Arrow arum(b elow) 2 6 5 9 . 7 2
U nico rn Arrow arum(below) 3 4 5 9 . 8 4
U n ico rn Arrow arum(below) a v e r a g e 3 9 0 .0 1
U n ic o r n Wax m y r t l e 1 2 8 5 .7 6
U n ic o r n Wax m y r t l e 2 2 1 9 . 6 0
U nico rn Wax m y r t l e 3 2 9 7 . 4 8
U nico rn Wax m y r t l e a v e r a g e 267 .61
U n ico rn Dam 1 3 8 6 . 3 6
U n ico rn Arrow arum(above) 1 7 8 . 3 2
U n icorn Arrow arum(above) 2 1 0 2 . 0 4
U n ico rn Arrow arum(above) 3 9 4 . 1 2
U n ico rn Arrow arum(above) 4 7 9 . 9 6
U n ico rn Arrow arum(above) a v e r a g e 8 8 . 6 1
Ware Big  c o r d g r a s s 1 4 7 9 . 7 6
Ware B ig  c o r d g r a s s 2 1 4 0 6 . 9 6
Ware Big  c o r d g r a s s 3 9 6 5 . 6 8
Ware Big  c o r d g r a s s 4 1 2 5 9 . 4 0
Ware Big  c o r d g r a s s 5 9 4 5 . 1 6
Ware Big  c o r d g r a s s a v e r a g e 1 0 1 1 . 3 9
Ware Dam 1 3 7 1 . 7 6
Ware Arrow arum (between) 1 1 9 1 .7 6
Ware Arrow arum (between) 2 7 8 . 7 6
Ware Arrow arum(between) 3 7 6 . 1 6
Ware Arrow arum(between) 4 1 4 7 . 5 2
Ware Arrow arum(between) 5 1 4 2 .3 6
Ware Arrow arum(between) a v e r a g e 1 2 7 .3 1
Ware C a t t a i l 1 3 5 7 . 7 2
Ware C a t t a i l 2 5 1 9 . 2 0
Ware C a t t a i l 3 2 5 9 . 9 2
Ware C a t t a i l a v e r a g e 3 7 8 . 9 5
Ware Dam 2 2 6 5 . 6 4
Ware Arrow arum(above) 1 2 2 9 . 6 8
Ware Arrow arum(above) 2 1 4 2 . 0 4
Ware Arrow arum(above) 3 1 3 1 . 6 0
Arrow arum(above)  
Arrow arum(above)
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a v e r a g e
F i g u r e  I I I  
Net P r o d u c t i o n  Data f o r  U n ico rn  C reek ,  
R ep o rted  by Communities





F i g u r e  IV 
Net P r o d u c t i o n  Data f o r  Ware Creek ,  










1040-1 WARE CR EEK
9 6 0 -
8 8 0 -
8 0 0 -
7 2 0 -
6 4 0 -
5 4 0 -
4 8 0 -
4 0 0 -
3 2 0 -
2 4 0 -
I 6 0 -
80
B e a v e r
0 a m # 2
C a t t a i l Bea ve r  
Dam t^ I
Big
Co rdg ra s s
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T a b le  IV 
Mann Whitney U T e s t  R e s u l t s
Parameter Creek Na Nb Ra Rb U S i g n i f i c a n c e
l e v e l
D i v e r s i t y U nicorn 3 15 9 162 3 p < 0 .01
D i v e r s i t y Ware* 9 4 47 44 2 p<0.01
D i v e r s i t y Ware** 10 4 60 45 5 p>0.01
D i v e r s i t y Ware*** 3 11 9 96 3 p > 0 .01
P r o d u c t i v i t y U n icorn 4 19 14 262 4 p<0.01
P r o d u c t i v i t y Ware 13 6 93 97 2 p<0 .001
^ w ith o u t  dam 
* * w i th  dam as  above
* * * th e  e f f e c t  o f  dam #2 on d i v e r s i t y
DISCUSSION
V i r g i n i a ' s  Wetland J u r i s d i c t i o n
The V i r g i n i a  W et lands  A ct  d e f i n e s  t h e  l i m i t s  o f  j u r i s d i c t i o n  by th e  
t i d a l  n a t u r e  o f  t h e  w a t e r  and t h e  n a t u r e  o f  t h e  v e g e t a t i o n  p r e s e n t .  In  
o r d e r  f o r  an a r e a  to  f a l l  under t h e  p r o t e c t i o n  o f  t h e  W et lan d s  A c t ,  t h e  
a r e a  m u s t  be t i d a l  or  w i t h i n  1 . 5  t i m e s  t h e  t i d a l  ra n g e  and be v e g e t a t e d  
by c e r t a i n  s p e c i e s  t y p i c a l l y  i n d i g e n o u s  t o  w e t l a n d s  (V a .  Code Ann. 6 2 . 1 -  
1 3 . 1 - 2  ( f ) ) .
I n  t h e  c a s e  o f  t h e  two s t u d y  s i t e s ,  t h e  s t a t e  a p p e a r s  t o  h a v e  
j u r i s d i c t i o n  above  and b e lo w  tj ie  b e a v e r  dams. Both  s i d e s  o f  t h e  b e a v e r  
dam p o s s e s s  t h e  n e c e s s a r y  v e g e t a t i o n .  The t i d e ,  h o w e v e r ,  d o e s  n o t  
t r a n s g r e s s  t h e  dam. A l t h o u g h  t h e  t i d a l  r a n g e  i s  n o t  known p r e c i s e l y ,  
t h e  w a te r  r e a c h e s  n ea r  t h e  top  o f  t h e  dam a t  h i g h  t i d e ,  and  a l l  o f  t h e  
im p o u n d e d  a r e a  w o u l d  f a l l  w i t h i n  1 . 5  t i m e s  t h e  t i d a l  ran ge  as  r e q u i r e d  
by s t a t u t e .  T h e r e f o r e  t h e  e n t i r e  impounded a r e a  w o u l d  come u n d e r  t h e  
W e t l a n d s  A c t ,  and t h e  dam w o u l d  have no e f f e c t  on t h e  s t a t e ' s  w e t la n d  
j u r i s d i c t i o n  o f  t h e s e  two s i t e s .
I t  i s  n o t  p o s s i b l e  t o  d e t e r m i n e  i f  a l l  dams would have as  l i t t l e  
e f f e c t  on V i r g i n i a ' s  j u r i s d i c t i o n  o v e r  w e t l a n d s .  I f  a dam w e r e  
s i g n i f i c a n t l y  h i g h e r  than  t h e  h i g h  w a te r  l i n e ,  or i f  t h e  top ograph y  o f  
t h e  impounded area  were d i f f e r e n t ,  t h e  s t a t e ' s  j u r i s d i c t i o n  u n d e r  t h e
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W e t l a n d s  A c t  m i g h t  b e  a l t e r e d .  A l l  or a p o r t i o n  o f  t h e  impounded a r e a  
m igh t  t h e n  be o u t s i d e  o f  t h e  a r e a  w i t h i n  1 . 5  t i m e s  t h e  t i d a l  r a n g e .
I n  t h e  c a s e  o f  t h e  t h e  two s t u d y  s i t e s ,  t h e  dams w ere  v e g e t a t e d  by 
t h e  s t a t u t o r i l y  r e q u i r e d  s p e c i e s  and f e l l  w i t h i n  t h e  a r e a  encompassed by 
1 . 5  t i m e s  t h e  t i d a l  r a n g e ,  and t h e r e f o r e  t h e  dams f a l l  w i t h i n  t h e  
s t a t e ' s  j u r i s d i c t i o n  under t h e  Wet lands  A c t .  A p p a r e n t l y  t h i s  means t h a t  
t h e  dams c o u l d  n o t  be  d e s t r o y e d  w i t h o u t  f o l l o w i n g  p r o c e d u r e s  s e t  ou t  in  
t h e  Wetland Act  (Va Code.  Ann. 6 2 . 1 - 1 3 . 5 ) .
S i t e  S t u d i e s
The u s e  o f  a e r i a l  o b s e r v a t i o n s  and p h o t o g r a p h s  a i d e d  i n  t h e  
l o c a t i o n  o f  t h e  b e a v e r  dams and t h e  p r e p a r a t i o n  o f  t h e  v e g e t a t i o n  maps.  
A e r i a l  f l i g h t s  h a v e  b e e n  u s e d  b y  f o r e s t r y  and w i l d l i f e  m a n a g e m e n t  
c o n c e r n s  t o  l o c a t e  b e a v e r  dams (K a r n s ,  1978;  P a rs o n s  and Brown, 1 9 7 8 ) ,  
a s  impoundments c r e a t e d  b eh in d  t h e  dams f a c i l i t a t e  d e t e c t i o n  o f  t h e  dams 
f r o m  t h e  a i r .  W i t h i n  a t i d a l  marsh t h e  b e a v e r  impoundments a r e  e a s i l y  
o b s e r v e d  a t  low t i d e  b e c a u s e  o f  t h e  d i f f e r e n c e  betw een  t h e  w a t e r  l e v e l s  
a b o v e  and b e lo w  t h e  dam. F l i g h t s  combined w i t h  a e r i a l  p h otograp h y  have  
a l s o  b e e n  u s e d  i n  w e t l a n d  v e g e t a t i o n  m a p p i n g .  C o l o r  s i g n a t u r e  and  
t e x t u r e  c h a n g e s  f o u n d  on  t h e  a e r i a l  p h o t o g r a p h s  combined w i t h  ground  
t r u t h i n g  w e r e  u s e d  t o  i d e n t i f y  and map t h e  w e t l a n d s  ( C a r t e r ,  1 9 8 2 ;  
C o w a r d i n  a n d  M y e r s ,  1 9 7 4 ;  Shim a and C a r t e r ,  1 9 7 6 ;  W e a v e r ,  1 9 8 0 ) .  
V a r io u s  f i l m s ,  i n c l u d i n g  c o l o r  i n f r a r e d  and e k t a c h r o m e ,  a r e  u s e d  t o  
p h o t o g r a p h  w e t l a n d s  f o r  i d e n t i f i c a t i o n  and mapping p u r p o s e s  (Cowardin  
and Myers,  1974;  Shima and C a r t e r ,  1 9 7 6 ) .  C o lor  i n f r a r e d  f i l m  was u s e d  
i n  t h i s  s t u d y .  C o l o r  i n f r a r e d  f i l m  i s  c o n s i d e r e d  t h e  b e s t  f o r  w e t la n d
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a e r i a l  p h otograp hy  as i t  i s  e a s i e r  t o  d i s t i n g u i s h  t h e  i n d i v i d u a l  p l a n t  
c o m m u n i t i e s  b y  t h e  d i f f e r e n t  s h a d e s  o f  r e d  p r o d u c e d  on t h e  c o l o r  
i n f r a r e d  than  i t  i s  t o  d e l i n e a t e  such  com m u n it ie s  i n  t h e  u n i f o r m  g r e e n  
p r o d u c e d  by  o t h e r  c o l o r  f i l m s .  D i s t i n g u i s h i n g  w a te r  from v e g e t a t i o n  i s  
a l s o  e a s i e r  u s i n g  c o l o r  i n f r a r e d  f i l m  (Weaver ,  1980;  C a r t e r ,  1982;  Shima 
and C a r t e r ,  1 9 7 6 ) .
I n i t i a l  b r o a d  s a l i n i t y  e s t i m a t i o n s  w e r e  m a d e  b a s e d  o n  t h e  
v e g e t a t i o n  p r e s e n t  on  b o t h  s i d e s  o f  t h e  dams. The marsh b e lo w  t h e  dam 
on Ware C r e e k  was  d e s i g n a t e d  b r a c k i s h  b a s e d  on  t h e  p r e s e n c e  o f  b i g  
c o r d g r a s s  ( S p a r t i n a  c y n o s u r o i d e s ) , an i n d i c a t o r  s p e c i e s  f o r  b r a c k i s h  
marsh (McCormick and Somes,  1 9 8 2 ) .  S a l i n i t y  m e a s u r e m e n t s  ( 4 . 4 0 4  p p t )  
c o n f i r m e d  t h e  b r a c k i s h  n a t u r e  o f  t h e  marsh.  The w e t la n d  b e lo w  t h e  dam 
on U n ic o r n  Creek was d e s i g n a t e d  f r e s h  due t o  t h e  p r e s e n c e  o f  P e l t a n d r a  
v i r g i n i c a  (M cC o rm ic k  and S o m e s ,  1 9 8 2 )  and c o n f i r m e d  by t h e  s a l i n i t y  
measurement o f  0 . 2 7 1  p p t .  Both  impoundments were d e s i g n a t e d  f r e s h  b a s e d  
on t h e  p r e s e n c e  o f  a c o m m u n i ty  o f  a r r o w  arum ( P e l t a n d r a  v i r g i n i c a ) 
(McCormick and Somes,  1 9 8 2 ) .
D i v e r s i t y  S t u d i e s
I t  was ap p aren t  from f i e l d  o b s e r v a t i o n s  t h a t  t h e  d i v e r s i t y  o f  t h e  
v e g e t a t i o n  was  l o w e r  above  t h e  b e a v e r  dams th an  i t  was b e lo w  t h e  dams.  
T h is  d e c r e a s e  was more d r a m a t ic  i n  t h e  f r e s h w a t e r  marsh ( U n i c o r n  C r e e k )  
t h a n  i n  t h e  b r a c k i s h  m a r s h  (Ware C r e e k ) .  Q u a n t i f i c a t i o n  o f  t h i s  
d i v e r s i t y  a s s e s s m e n t  c o n f ir m e d  th e  f i e l d  o b s e r v a t i o n s .
The B r a u n - B l a n q u e t  s c a l e  was  u s e d  f o r  d i v e r s i t y  com p ar ison s  and 
c a l c u l a t i o n s ,  b e c a u s e  i t  gave  more a c c u r a t e  i n d i c a t i o n s  o f  th e  d a ta  than  
s t e m  c o u n t s  o r  p e r c e n t  c o v e r a g e  i n  t h e  l e a s t  amount  o f  t i m e .  Stem
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c o u n t s  i n  t i d a l  marshes  and i n  b e a v e r  ponds w ere  n o t  c o n s i s t e n t  b e c a u s e  
o f  t h e  d i f f i c u l t y  i n  d i s t i n g u i s h i n g  i n d i v i d u a l  p l a n t s .  No stem c o u n t s  
a r e  n e c e s s a r y  t o  e s t a b l i s h  a B r a u n - B la n q u e t  n u m b e r ,  r e d u c i n g  t h e  t i m e  
r e q u i r e d  t o  c o l l e c t  t h e  d a ta  and e l i m i n a t i n g  t h e  problem o f  d e t e r m i n i n g  
s e p a r a t e  p l a n t s .  Use  o f  p e r c e n t  c o v e r a g e  r e q u i r e d  s o m ew h a t  s u b j e c t i v e  
d e c i s i o n s  d i c t a t e d  by t h e  n e c e s s i t y  t o  t o t a l  100% c o v e r a g e .  The Braun-  
B la n q u et  s c a l e  h as  a ran ge  o f  p e r c e n t a g e s  a s s i g n e d  t o  each  number.  T h is  
r a n g e  n o t  o n l y  e l i m i n a t e s  t h e  n e c e s s i t y  t o  c o n t r i v e  p e r c e n t a g e s  to  t o t a l  
100% b u t  a l s o  a l l o w s  f o r  t h e  i n e v i t a b l e  d e v i a t i o n  i n  s u b j e c t i v e  
e v a l u a t i o n s  o f  c o v e r a g e  (Wikum and S h a n h o l t z e r ,  1 9 7 8 ) .
P l a n s  f o r  s a m p l in g  d i v e r s i t y  had  t o  b e  a l t e r e d  b e c a u s e  p r o b l e m s  
a r o s e  i n  c o m p l e t i n g  t h e  s p r i n g  s a m p l i n g .  The d i v e r s i t y  d a ta  on Ware 
Creek w e r e  l i m i t e d  t o  t h e  l a t e  summer s a m p l i n g ,  S e p t e m b e r / O c t o b e r ,  
r a t h e r  than  b o th  s p r i n g ,  M ay/Jupe,  and l a t e  summer s a m p l in g .  S c h e d u l i n g  
t r i p s  to  th e  marsh around a d v e r s e  w e a t h e r  c o n d i t i o n s  b e c a m e  a p r o b l e m  
w h i c h  had  n o t  b e e n  a n t i c i p a t e d .  A second  y e a r  o f  s a m p l in g  was p lann ed  
t o  r e c t i f y  t h e  s i t u a t i o n .  On r e t u r n i n g  t o  t h e  two m a r s h e s  i n  t h e  
f o l l o w i n g  s p r i n g ,  i t  was d i s c o v e r e d  t h a t  t h e  m a j o r i t y  o f  t h e  PVC p i p e s  
u s e d  t o  mark t h e  s a m p l i n g  s t a t i o n s  had  d i s a p p e a r e d .  The l o s s  w a s  
a t t r i b u t e d  t o  i c e  f o r m a t i o n  and s u b s e q u e n t  thaw and f l o w  i n  t h e  e a r l y  
s p r i n g .  B ecau se  t h e  com p ar ison  was b e tw een  t h e  above  and b e l o w  t h e  dam 
a r e a s  on  t h e  c r e e k s ,  and n ot  b e tw een  s e a s o n s ,  t h e  l a t e  summer s a m p l in g  
was c o n s i d e r e d  a d e q u a t e .
S t a t i s t i c a l  a n a l y s i s  o f  d i v e r s i t y
The Mann-Whitney  U s t a t i s t i c s  r e q u i r e d  t h a t  a l l  c o m m u n i t i e s  b e  
d e s i g n a t e d  as o c c u r r i n g  a b o v e - th e -d a m  or  b e lo w - t h e - d a m .  A l l  com m u nit ie s  
u pstream  o f  t h e  e d g e  o f  t h e  im p oun dm ent  w e r e  c o n s i d e r e d  c o m m u n i t i e s
a b o v e - t h e - d a m .  A l l  o t h e r  c o m m u n i t i e s  w e r e  d e s i g n a t e d  b e lo w - th e -d a m  
( T a b l e  I )  . T h is  c l a s s i f i c a t i o n  s y s t e m  p l a c e s  th e  v e g e t a t i o n  on  two o f  
t h e  dams i n  t h e  b e lo w - th e -d a m  c a t e g o r y  but  p l a c e s  t h e  v e g e t a t i o n  on th e  
seco n d  dam on Ware Creek i n  t h e  a b o v e - th e -d a m  c a t e g o r y .
On Ware C r e e k ,  a b r a c k i s h  c r e e k ,  t h e  s t a t i s t i c a l  a n a l y s i s  o f  th e  
d i v e r s i t y  d a ta  was done t h r e e  ways b e c a u s e  o f  t h e  g r o w t h  o f  v e g e t a t i o n  
on b o t h  d a m s .  F i r s t ,  t h e  s e c o n d  dam was  t r e a t e d  as  an a b o v e - th e -d a m  
community.  The same a n a l y s i s  was  t h e n  d o n e  w i t h o u t  c o n s i d e r i n g  t h e  
v e g e t a t i o n  on s e c o n d  dam i n  t h e  d a t a ,  a s  t h e  secon d  dam v e g e t a t i o n  was 
presum ably  due to  t h e  p r e s e n c e  o f  t h e  b e a v e r s  r a t h e r  t h e  p r e s e n c e  o f  th e  
f i r s t  dam. T h i r d ,  t h e  s t a t i s t i c a l  i m p a c t  o f  t h e  s e c o n d  dam on i t s  
su r r o u n d in g  v e g e t a t i o n  was a n a l y z e d .  When t h e  dam was c o n s i d e r e d  a s  an  
a b o v e - t h e - d a m  c o m m u n i ty ,  t h e  community d i v e r s i t y  was n o t  s i g n i f i c a n t l y  
d i f f e r e n t  a t  t h e  1% l e v e l .  A l th o u g h  t h e  com m unit ies  above  and b e lo w  t h e  
dam d i d  n o t  h a v e  s i g n i f i c a n t l y  d i f f e r e n t  d i v e r s i t y  f i g u r e s ,  t h e  
v e g e t a t i o n  p o p u l a t i n g  t h e  two com m unit ies  d i f f e r e d .  I n  t h i s  s t u d y  b i g  
c o r d g r a s s  d o m i n a t e s  t h e  com m u n it ie s  b e lo w  t h e  dam and arrow arum above  
t h e  dam, as s e e n  i n  t h e  s p e c i e s  c o m p o s i t i o n  l i s t  ( A p p e n d i x  1 ) .  I f  t h e  
v e g e t a t i o n  on t h e  secon d  dam i s  n o t  c o n s i d e r e d ,  b e i n g  t h e  r e s u l t  o f  th e  
b e a v e r ' s  p r e s e n c e ,  r a t h e r  than  t h e  f i r s t  dam's p r e s e n c e ,  t h e  d i v e r s i t y  
o f  t h e  a b o v e - t h e - d a m  c o m m u n i t y  i s  s i g n i f i c a n t l y  d i f f e r e n t  compared t o  
t h e  b e lo w - th e -d a m  community a t  t h e  1% l e v e l .  The d e c r e a s e  in  d i v e r s i t y  
a b o v e  t h e  s e c o n d  dam was  n o t  f o u n d  t o  be  s i g n i f i c a n t  a t  p = 0 . 0 1 .  The 
s e c o n d  dam i s  c o n t a i n e d  w i t h i n  an impoundment, w h i c h  c o u l d  a c c o u n t  f o r  
i t s  l a c k  o f  e f f e c t  on t h e  s u r r o u n d in g  v e g e t a t i o n .
There i s  a g r e a t e r  d e c r e a s e  i n  d i v e r s i t y  a t  t h e  dam i n  a f r e s h w a t e r  
m a r s h  t h a n  i n  a b r a c k i s h  b i g  c o r d g r a s s  marsh.  T h is  i s  p r o b a b ly  due to
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t h e  h i g h e r  d i v e r s i t y  o f  a f r e s h w a t e r  marsh than  t h a t  o f  a b i g  c o r d g r a s s  
m a r s h .  On f r e s h w a t e r  U n i c o r n  C r e e k  t h e  c h a n g e  i n  d i v e r s i t y  was  
s i g n i f i c a n t  a t  t h e  0 . 0 1  l e v e l .  The change i n  d i v e r s i t y  found on  U n i c o r n  
C r e e k  c a n n o t  be  a t t r i b u t e d  t o  c h a n c e .  T h is  does  n o t  prove  t h a t  t h e  dam 
c a u s e d  t h e  d i v e r s i t y  c h a n g e ,  o n l y  t h a t  some f a c t o r  o t h e r  t h a n  random  
d i s t r i b u t i o n  i s  r e s p o n s i b l e .
C o n c l u s i o n
The d i v e r s i t y  o f  t h e  v e g e t a t i o n  d e c r e a s e s  on th e  upstream  s i d e  o f  
t h e  dam on b o th  c r e e k s .  The d e c r e a s e  i n  d i v e r s i t y  i n  t h e  f r e s h w a t e r  
marsh on U n ic o r n  Creek cannot  be  a t t r i b u t e d  t o  random d i s t r i b u t i o n .  The 
change  o f  d i v e r s i t y  i n  t h e  b r a c k i s h  marsh on Ware Creek a t  the. f i r s t  dam 
can n ot  be  a t t r i b u t a b l e  t o  chance  u n l e s s  t h e  v e g e t a t i o n  on t h e  secon d  dam 
i s  c o n s i d e r e d  t o  be  a r e s u l t  o f  t h e  f i r s t  dam. A l th o u g h  t h e  d a ta  do n o t  
p r o v e  t h a t  t h e  dams a r e  t h e  c a u s e  o f  t h e  c h a n g e ,  no o t h e r  f a c t o r  i s  
a p p a r e n t  t o  a c c o u n t  f o r  t h i s  s i g n i f i c a n t  a l t e r a t i o n .  The s e c o n d  dam on  
Ware Creek has  no s i g n i f i c a n t  e f f e c t  on t h e  d i v e r s i t y  o f  t h e  v e g e t a t i o n .
P r o d u c t i v i t y  S t u d i e s
The n e t  p r o d u c t i o n  above  t h e  dam was low er  than  t h a t  b e lo w  t h e  dam 
i n  b o t h  t h e  f r e s h w a t e r  and b r a c k i s h  w a t e r  m a r s h e s .  A s s u m i n g  t h a t  
w i t h o u t  t h e  p r e s e n c e  o f  t h e  b e a v e r  dam t h e  b e lo w - th e -d a m  com m u n it ie s  
would p o p u l a t e  t h e  impounded a r e a ,  i t  i s  p o s s i b l e  t o  e s t i m a t e  w h a t  t h e  
p r o d u c t i v i t y  o f  t h e  im p o u n d e d  a r e a  m i g h t  b e  w i t h o u t  t h e  dam. To do 
t h i s ,  p r o d u c t i v i t y  f i g u r e s  a r e  n eeded  f o r  t h e  e n t i r e  b e l o w - t h e - d a m  and  
a b o v e - t h e - d a m  c o m m u n i t i e s .  T h i s  t o t a l  p r o d u c t i v i t y  f o r  each  a r e a  was  
c a l c u l a t e d  u s i n g  t h e  fo r m u la :
X
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w h e r e :
TP = T o t a l  n e t  P r o d u c t i o n  o f  each  area  
NP = Net P r o d u c t i o n  o f  community n p er  u n i t  a r e a
A “ Area o f  community n 
X = number o f  com m u n it ie s  
U t i l i z i n g  t h e  t o t a l  n e t  p r o d u c t i o n  f i g u r e s  ( T a b l e  V ) , an a v e r a g e  n e t  
p r o d u c t i o n  f o r  t h e  a r e a s  above  and b e lo w  t h e  dam c a n  b e  d e t e r m i n e d  by  
d i v i d i n g  t h e  t o t a l  n e t  p r o d u c t i o n  by th e  c o r r e s p o n d i n g  t o t a l  v e g e t a t e d  
a r e a .  When one c o m m u n i ty  c o m p r i s e s  an e n t i r e  a r e a ,  t h e  a v e r a g e  n e t
p r o d u c t i o n  f o r  t h a t  a r e a  i s  e q u a l  t o  t h e  a v e r a g e  n e t  p r o d u c t i o n  o f  t h a t
community .
On U n i c o r n  Creek t h e  a v e r a g e  n e t  p r o d u c t i o n  f o r  t h e  a r e a  b e lo w  th e
2 2 dam i s  0 . 4 2  kg/m . I f  t h e  6 , 1 5 9  m o f  t h e  impounded a r e a  a b o v e  t h e  dam
w e r e  v e g e t a t e d  by  t h e  b e l o w - t h e - d a m  c o m m u n i t i e s ,  t h e  n e t  p r o d u c t i o n
would  be  2 , 5 5 9  k g / y r  ( T a b l e  V-l) . The impounded a r e a  c o n t a i n s  o n l y  t h e
a r r o w  a ru m  c o m m u n i t y ,  t h e r e f o r e  t h e  t o t a l  n e t  p r o d u c t i o n  o f  t h a t
community i s  e q u a l  t o  t h e  t o t a l  n e t  p r o d u c t i o n  o f  t h e  impounded a r e a  o r
546  k g / y r  ( T a b le  V I ) .  Comparing t h e s e  two f i g u r e s  i t  i s  p r o j e c t e d  t h a t
t h e r e  would  be  a 468% i n c r e a s e  i n  n e t  p r o d u c t i o n  i f  t h e  dam w e r e  n o t
p r e s e n t .
U s in g  t h i s  same method t h e  a v e r a g e  n e t  p r o d u c t i o n  o f  th e  b e l o w - t h e -
dam c o m m u n i t i e s  on  W are  C r e e k  i s  1 . 0 1  k g / y r  and t h e  a v e r a g e  n e t
p r o d u c t i o n  o f  t h e  impounded a r e a  above t h e  dam i s  0 . 1 5  k g / y r  ( T a b le  V I ) .
2
T h e  im p o u n d e d  a r e a  on  Ware C r e e k  c o v e r s  1 4 , 4 4 3  m . The t o t a l  n e t  
p r o d u c t i o n  o f  t h e  impounded a r e a  i s  2 , 1 8 6  k g / y r  ( a v e r a g e  n e t  p r o d u c t i o n  
X v e g e t a t e d  a r e a )  . I n  co m p a r is o n ,  t h e  p r o j e c t e d  n e t  p r o d u c t i o n  o f  t h e
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a r e a  i f  t h e  b e lo w - t h e - d a m  com m u n it ie s  v e g e t a t e d  t h e  impounded a r e a  would  
be  1 4 ,5 8 7  k g /  y r ,  or  an i n c r e a s e  o f  667%.
S t a t i s t i c a l  a n a l y s i s  o f  n e t  p r o d u c t i o n
The r e s u l t s  o f  t h e  Mann-Whitney U t e s t  i n d i c a t e  t h a t  t h e  d e c r e a s e  
i n  n e t  p r o d u c t i o n  a b o v e  t h e  dam on e a c h  c r e e k  was  n o t  due  t o  random  
p l a n t  d i s t r i b u t i o n .  On U n i c o r n  C r e e k  t h e  p r o b a b i l i t y  t h a t  t h e  two 
g r o u p s  w e r e  f r o m  t h e  same p o p u l a t i o n  w a s  b e t w e e n  0 . 0 1  a n d  0 . 0 0 1  
s i g n i f  i c a n c e  l e v e l  ( T a b l e  IV) . On Ware Creek t h e  p r e s e n c e  o f  two dams 
d i d  n o t  a f f e c t  t h e  s t a t i s t i c a l  a n a l y s i s .  T h e  d i f f e r e n c e  i n  n e t  
p r o d u c t i o n  was s i g n i f i c a n t  a t  t h e  0 . 0 0 1  s i g n i f i c a n c e  l e v e l  ev en  w i t h  th e  
v e g e t a t i o n  on t h e  seco n d  dam c o n s i d e r e d  a s  an a b o v e - t h e - d a m  c o m m u n i t y .  
The s e c o n d  dam does  n o t  have  a s i g n i f i c a n t  e f f e c t  on t h e  p r o d u c t i v i t y  o f  
t h e  v e g e t a t i o n .
C o n c l u s i o n s
The n e t  p r o d u c t i o n  o f  t h e  a r e a  above t h e  dam i s  s i g n i f i c a n t l y  low er
t h a n  t h a t  o f  t h e  a r e a  b e l o w  t h e  dam i n  b o t h  f r e s h  and b r a c k i s h  w a te r
m a r s h e s .  T h i s  d e c r e a s e  i n  n e t  p r o d u c t i o n  i s  m ore  p r o n o u n c e d  i n  t h e  
b r a c k i s h  w a te r  marsh th an  i t  i s  i n  th e  f r e s h w a t e r  marsh.
H i s t o r i c a l  Data
The a b r u p t  c h a n g e  i n  v e g e t a t i o n  a t  t h e  l i n e  f o r m e d  by t h e  dams 
e m p i r i c a l l y  l e a d s  one t o  c o n c l u d e  t h a t  t h e  dam i s  t h e  r e a s o n  f o r  t h e  
v e g e t a t i o n  c h a n g e .  The change i n  n e t  p r o d u c t i o n  and d i v e r s i t y  on e i t h e r  
s i d e  o f  th e  dam e s t a b l i s h e s  t h e  p r o b a b i l i t y  t h a t  t h e  dam i s  t h e  c a u s e  o f  
t h e  v e g e t a t i o n  c h a n g e  i n  t h e  two m a r s h e s .  H i s t o r i c a l  d a ta  adds t o  t h e  
e v i d e n c e  t h a t  t h e  dam i s  t h e  c a u s e  o f  t h i s  ch a n g e ,  but d oes  n o t  p r o v i d e
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c o n c l u s i v e  p r o o f .  Two f o r m s  o f  s u c h  d a t a  w ere  exam ined ,  th e  w e t l a n d  
i n v e n t o r i e s  and a e r i a l  p h o t o g r a p h s .
A e r i a l  p h o t o g r a p h s  o f  t h e  two s t u d y  s i t e s  ta k e n  i n  A p r i l  o f  1937  
were o b t a i n e d  from t h e  N a t i o n a l  A r c h i v e s .  T h e s e  p h o t o g r a p h s  d i d  n o t  
show  a n y  e v i d e n c e  o f  a dam and no e v i d e n c e  o f  a change i n  v e g e t a t i o n  i n  
t h e  a r e a  o f  t h e  p r e s e n t  dams. However,  t h e y  were ta k e n  b e f o r e  t h e  marsh  
v e g e t a t i o n  w as  a t  p e a k  growth and t h e r e f o r e  a com parison  in  v e g e t a t i o n  
i s  n o t  c o n c l u s i v e .
The p r e s e n c e  o f  dams i n  t h e  b r a n c h  c r e e k  o f  Ware C r e e k  and on  
U n ic o r n  Creek were  n o t  r e c o r d e d  i n  t h e  1979 w e t l a n d  i n v e n t o r i e s ,  and t h e  
v e g e t a t i o n  r e c o r d e d  i n  t h e  W e t l a n d  I n v e n t o r i e s  d i f f e r e d  fr o m  t h e  
v e g e t a t i o n  found i n - t h i s  s t u d y  a t  b o th  s i t e s .  The New Kent County T i d a l  
M arsh I n v e n t o r y  s t a t e s  t h a t  100% o f  U n ico rn  Creek i s  v e g e t a t e d  by b i g  
c o r d g r a s s  ( S p a r t i n a  c y n o s u r o i d e s ) w i t h  t r a c e s  o f  m a r s h  h i b i s c u s  
( H i b i s c u s  m o s c h e u t o s ) s a l t m a r s h  c o r d g r a s s  ( S p a r t i n a  a l t e r n i f l o r a ) . g i a n t  
b u l r u s h  ( S c i r p u s  v a l i d u s ) . and  a r r o w  arum ( P e l t a n d r a  v i r g i n i c a ) /  
p i c k e r e l w e e d  ( P o n t e d e r i a  c o r d a t a )  (D o u m l e le ,  1 9 7 9 ) .  S e v e r a l  d i f f e r e n c e s  
c a n  b e  s e e n  i n  t h e  c o m m u n i t i e s  f o u n d  i n  t h i s  s t u d y .  1 .  T he  l a r g e  
c o m m u n i ty  o f  a r r o w  arum ( P e l t a n d r a  v i r g i n i c a ) found above t h e  dam i n  
t h i s  s t u d y  does  n o t  app ear  on t h e  w e t l a n d  i n v e n t o r y .  2 .  There  i s  no b i g  
c o r d g r a s s  ( S p a r t i n a  c y n o s u r o i d e s )  found up s tream  from th e  b e a v e r  dam as  
compared to  t h e  1979 i n v e n t o r y  where b i g  c o r d g r a s s  dom in ates  t h e  e n t i r e  
m a r s h .  3 .  I n  t h i s  s t u d y  on U n icorn  Creek ,  t h e  b i g  c o r d g r a s s  ( S p a r t i n a  
c y n o s u r o i d e s ) d o es  n o t  e x t e n d  up stream  even  as  f a r  as t h e  dam.
The New Kent  I n v e n t o r y  i n d i c a t e s  t h a t  t h e  s tu d y  s i t e  on Ware Creek  
was composed o f  95% b i g  c o r d g r a s s  ( S p a r t i n a  c y n o s u r o i d e s ) and 1 . 5  % 
o l n e y  t h r e e s q u a r e  ( S c i r p u s  o l n e v i ) w i t h  t r a c e s  o f  m a r s h  h i b i s c u s
42
( H i b i s c u s  m o s c h e u t o s ) , w a t e r  hemp ( A m a r a n th u s  c a n n a b i n u s ) , s a l t m a r s h  
c o r d g r a s s  ( S p a r t i n a  a l t e r n i f l o r a ) , s a l t m a r s h  b u l r u s h  ( S c i r p u s  r o b u s t u s ) , 
marsh m al low  ( K o s t e l e t z k y a  v i r g i n i c a ) « ora ch  ( A t r i p l e x  p a t u l a )  and w a te r  
d o c k  ( Rumex v e r t i c i  1 l a t u s ) ( D o u m l e l e ,  1 9 7 9 ) .  P e l t a n d r a  v i r g i n i c a  was 
n o t  i n c l u d e d  i n  t h e  v e g e t a t i o n  on t h a t  marsh i n  t h e  i n v e n t o r y ,  w h e r e a s  
P e l t a n d r a  v i r g i n i c a  composed a lm o s t  100% o f  t h e  v e g e t a t i o n  above  th e  dam 
i n  t h i s  s t u d y .
C o n c l u s i o n :  Comparisons  be tw een  t h i s  s t u d y  and t h e  Wetland I n v e n t o r i e s
i n d i c a t e  t h a t  b e f o r e  t h e  b e a v e r  dams w e r e  b u i l t ,  t h e  v e g e t a t i o n  
c o m m u n i t i e s  w e r e  n o t  t h e  same communit ies  as  were  found above t h e  dams 
i n  t h i s  s t u d y .
Some q u e s t i o n s  w ere  n o t  answered  by t h i s  i n v e s t i g a t i o n ,  and o t h e r s  
w ere  r a i s e d  by i t .  A l l  b e a v e r  dams a r e  n o t  b u i l t  a b o v e  t h e  mean h i g h  
w a t e r  mark and t h e r e f o r e  t h e  t j ld a l  i n f l u e n c e  i s  n o t  t o t a l l y  o b s t r u c t e d .  
A dam w hich  d o es  n o t  p r o j e c t  a b o v e  t h e  h i g h  w a t e r  mark e x i s t s  on  Old  
Town C r e e k ,  a t r i b u t a r y  o f  t h e  Pamunkey R i v e r .  A p p a r e n t l y  t h e r e  a re  
s e v e r a l  such b e a v e r  dams in  t h e  area  ( C h i e f  Cook, c h i e f  o f  t h e  Pamunkey  
I n d i a n s ,  p e r s .  comm.) .  D ocu m enta t ion  o f  t h i s  t y p e  o f  dam i s  need ed  and 
i t s  e f f e c t  on v e g e t a t i o n  s h o u l d  be s t u d i e d .  What f a c t o r s  a r e  a l t e r e d  by  
t h e  dam o t h e r  than v e g e t a t i o n ?  I t  would  seem l o g i c a l  t h a t  t h e  dam would  
a f f e c t  th e  sed im en t  and n u t r i e n t s  r e a c h i n g  t h e  marsh b e lo w  i t ,  b u t  t h i s  
i s  o n l y  c o n j e c t u r e  and r e q u i r e s  i n v e s t i g a t i o n .
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T a b le  V
Net P r o d u c t i o n  by Communities
Community A verage  P r o d u c t i v i t y  Area T o t a l  p r o d u c t i v i t y  
2
(g r /m  ) v e g e t a t e d  ( k g / y r )
(m2)
U n ico rn  Creek
C a t t a i l 4 5 5 . 0 7 3575 1 ,6 2 7
S a l tm a r s h  c o r d g r a s s 5 4 1 . 5 6 409 221
Arrow arum(below) 3 9 0 . 0 1 3111 1 , 2 1 3
Wax m y r t l e 267 .61 752 201
Dam 3 8 6 . 3 6 69 27
Arrow arum( above) 8 8 . 6 1 6159 546
Ware Creek
B ig  c o r d g r a s s  1 , 0 1 1 . 3 9  1 5 , 3 8 3  1 5 , 5 5 8
Dam #1 3 7 1 . 7 6  53 20
Arrow arum(between)  1 2 7 . 3 1  5 , 4 8 8  699
C a t t a i l  3 7 8 . 9 5  655 248
Dam #2 2 6 5 . 6 4  32 8
Arrow arum(above)  1 4 8 . 7 8  8 , 2 6 7  1 , 2 3 0
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T a b le  VI
Comparison o f  Net P r o d u c t i o n  o f  Areas  
Above and Below th e  Dam
Area T o t a l  Area
P r o d u c t i v i t y  V e g e t a t e d
( k g / y r )  (m^)
A verage  
P r o d u c t i v i t y  
( gr/m^)
U n ico rn  Creek  
Below t h e  dam 
Above t h e  dam 
Ware Creek
Below t h e  dam 
Above t h e  dam
3 , 2 8 9  7 , 9 1 6  0 . 4 2
546 6 , 1 5 9  0 . 0 8
1 5 , 5 7 8  1 5 , 4 3 6  1 .0 1
2 , 1 8 5  1 4 ,4 4 3  0 . 1 5
CONCLUSIONS
B e a v e r  dams a p p a r e n t l y  do n o t  a l t e r  t h e  j u r i s d i c t i o n  o f  V i r g i n i a  
under t h e  W et lands  A c t .  There  i s ,  h ow e ver ,  a ch an ge  i n  t h e  v e g e t a t i o n  
f o u n d  a b o v e  a b e a v e r  dam i n  a t i d a l  marsh as compared t o  t h e  v e g e t a t i o n  
found b e lo w  t h e  dam i n  term s  o f  s p e c i e s  c o m p o s i t i o n ,  n e t  p r o d u c t i o n  and  
d i v e r s i t y .  T a b le  VII  summarizes t h e s e  d i f f e r e n c e s .
D i v e r s i t y
A l t h o u g h  t h e  d e c r e a s e  i n  d i v e r s i t y  w a s  n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t  a t  t h e  f i r s t  dam on. Ware Creek,  t h e  s p e c i e s  v e g e t a t i n g  t h e  
two a r e a s  w e r e  d i f f e r e n t .  S p a r t i n a  c y n o s u r o i d e s  dom inated  t h e  a r e a  
b e lo w  t h e  dam and P e l t a n d r a  v i r g i n i c a . t h e  a r e a  above  th e  dam.
Net P r o d u c t i o n
I f  t h e  e n t i r e  c r e e k s  were v e g e t a t e d  by t h e  com m unit ies  f o u n d  b e l o w  
t h e  dam, t h e  n e t  p r o d u c t i o n  o f  t h e  im pounded a r e a s  would  i n c r e a s e  by  
667% on b r a c k i s h  Ware Creek and by 468% on f r e s h w a t e r  U n ic o r n  Creek .
H i s t o r i c a l  Data
There  i s  a d e a r t h  o f  c o n c l u s i v e  e v i d e n c e  t h a t  t h e  dam i s  t h e  c a u s e  
o f  t h e  v e g e t a t i o n  c h a n g e .  T h e  c h a n g e  i n  t h e  d i v e r s i t y  and n e t  
p r o d u c t i o n  o f  t h e  v e g e t a t i o n  c o i n c i d e s  w i t h  t h e  dam i n  f r e s h w a t e r
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m a r s h e s  a n d  i n  b r a c k i s h  w a t e r  m a r s h e s .  E x a m i n a t i o n  o f  a e r i a l  
p h o t o g r a p h s  t a k e n  b e f o r e  t h e  dams w e r e  b u i l t  i n d i c a t e s  t h a t  t h e  
v e g e t a t i o n  c h a n g e  o c c u r r e d  a f t e r  t h e  dams were  b u i l t .  Comparisons  o f  
t h e  v e g e t a t i o n  f o u n d  i n  t h e  s t u d y  w i t h  t h e  v e g e t a t i o n  f o u n d  i n  t h e  
w e t l a n d  i n v e n t o r i e s  i n d i c a t e  a c h a n g e  h a s  o c c u r r e d .  At t h i s  t im e  i t  
cann ot  be c a t e g o r i c a l l y  s t a t e d  t h a t  t h i s  change was due t o  t h e  b u i l d i n g  
o f  t h e  dam h o w e v e r ,  t h e  e v i d e n c e  p r e s e n t e d  e m p i r i c a l l y  l e a d s  one t o  
c o n c l u d e  t h a t  t h e  dam d o e s  c a u s e  t h e  d e c r e a s e  i n  d i v e r s i t y  and n e t  
p r o d u c t i o n  and t h e  change i n  s p e c i e s  c o m p o s i t i o n .
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T a b le  VII  
Summary o f  C o n c l u s i o n s
D i v e r s i t y  P r o d u c t i v i t y
Ware Creek  
( B r a c k i s h )  
f i r s t  dam:
d e c r e a s e d ,  but  
n ot  s i g n i f i c a n t l y  
a t  t h e  1% l e v e l
d e c r e a s e d  
s i g n i f i c a n t l y  
a t  t h e  1% l e v e l
seco n d  dam no s i g n i f i c a n t  e f f e c t no s i g n i f i c a n t  e f f e c t
U nicorn
( F r e s h w a t e r )
d e c r e a s e d  
s i g n i f i c a n t l y  
a t  t h e  1% l e v e l
d e c r e a s e d  
s i g n i f i c a n t l y  
a t  t h e  1 % l e v e l
I __  ______ ____________
APPENDIX 1 
S p e c i e s  C o m p o s i t io n  L i s t
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Ware Creek
S p e c i e s
APPENDIX 1 
S p e c i e s  C om p os i t ion
T o t a l  S t a t i o n s
L i s t
S t a t i o n s S t a t i o n s
s t a t i o n s  b e lo w on Dam b etw een abo1





S a g i t t a r i a  f a l c a t a 1 0 0 0 1 0
D i s t i c h l i s  s p i c a t a 1 1 0 0 0 0
L e e r s i a  o r v z o i d e s 3 1 1 1 0 0
S p a r t i n a  a l t e r n i f l o r a 1 1 0 0 0 0
S p a r t i n a  c v n o s u r o i d e s 4 3 1 0 0 0
Cvperus s p p . 1 1 0 0 0 0
E l e o c h a r i s  spp . 4 3 0 0 1 0
P e l t a n d r a  v i r g i n i c a 10 0 0 1 6 3
Amaranthus cann ab in us 4 3 1 0 0 0
H i b i s c u s  m o s c h e u to s 4 1 1 1 1 0
A s c l e p i a s  i n c a r n a t a 1 0 0 1 0 0
L i p p i a  l a n c e o l a t a 4 3 1 0 0 0
A s t e r  t e n u i f o l i u s 3 3 0 0 0 0
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APPENDIX 1 ,  cont  in i ied  
S p e c i e s  C o m po s i t io n  L i s t
Unicorn Creek
S p e c i e s T o t a l
s t a t i o n s
S p a r t i n a  c v n o s u r o i d e s 2
Teucr ium can ad en se 1
S p a r t i n a  a l t e r n i f l o r a 3
L i p p i a  l a n c e o l a t a 5
B id en s  c o r o n a ta 4
Amaranthus ca nn ab inu s 6
A s c l e p i a s  i n c a r n a t a 2
H i b i s c u s  m osch eu tos 7
Galium t i n e t o r i u m 3
Polveonum a r i f o l i u m 1
Decodon v e r t i c i l l a t u s 2
Rumex v e r t i c i l l a t u s 2
P e l t a n d r a  v i r g i n i c a 12
L e e r s i a  o r v z o i d e s 6
Tvpha l a t i f o l i a 1
Tvpha a u g u s t i f o l i a 2
E l e o c h a r i s  spp . 2
S c i r p u s  o l n e v i 2
D i s t i c h l i s  s p i c a t a 1
Mvrica  c e r i f e r a nZ.
T h e l v p t e r i s  p a l u s t r i s 2
S m i la x  spp . 1
S t a t i o n s  S t a t i o n s  S t a t i o n s
























A n e i le m a  k e i s a k 3 3 0
S a g i t t a r i a  f a l c a t a 1 1 0
M ikania  scan d en s 1 1 0
Polvgonum s a g i t t a t u m 1 1 0
Polygonum punctatum 2 2 0
K o s t e l e t z k v a  v i r g i n i c a 2 2 0
E c h i n o c h l o a  w a l t e r i 4 4 0
P o n t e d e r i a  c o r d a t a 1 1 0
P lu c h e a  p u r p u r a sc e n s 1 1 0
S c i r p u s  am ericanus 1 1 0














Ranked P r o d u c t i v i t y  Data
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APPENDIX 2 
Ranked P r o d u c t i v i t y  Data  
Ware Greek Station P r o d u c t i v i t y  Rank C l a s s i f i c a t i o n
#1 #2
AA b e tw een 7 6 . 1 6 1 A B
AA b etw een 7 8 . 7 6 2 A B
AA above 9 1 . 8 0 3 A A
AA above 1 3 1 . 8 0 4 A A
AA b e tw een 1 4 2 . 0 4 5 A B
AA above 1 4 2 .3 6 6 A A
AA b e tw een 1 4 7 . 5 2 7 A B
AA be tw een 1 9 1 .7 6 8 A B
AA above 2 2 9 . 6 8 9 A A
C a t t a i l 2 5 9 . 9 2 10 A B
Dam #2 2 6 5 . 6 4 11 A B
C a t t a i l 3 5 7 . 7 2 12 A B
Dam $1 3 7 1 . 7 6 13 B B
BCG 4 7 9 . 7 6 14 B B
C a t t a i l 5 1 9 . 2 0 15 A B
BCG 9 4 5 . 1 6 16 B B
BCG 9 6 5 . 6 8 17 B B
BCG 1 2 5 9 . 4 0 18 B B
BCG 1 4 0 6 .9 6 19 B B
C l a s s i f i c a t i o n  #1 = Dam #2 as an above  th e  dam s t a t i o n  
C l a s s i f i c a t i o n  #2 -  Dam #2 t r e a t e d  as  t h e  o n l y  dam
54
APPENDIX 2 ,  co n t  in ued  
Ranked P r o d u c t i v i t y  Data  
Unicorn Creek Station P r o d u c t i v i t y  Rank C l a s s i f i c a t i o n
Arrow arum b e lo w 5 0 . 4 8 1 B
AA above 7 8 . 3 2 2 A
AA above 7 9 . 9 6 3 A
AA above 9 4 . 1 2 4 A
AA above 1 0 2 . 0 4 5 A
B ig  cord  g r a s s 1 9 7 . 2 0 6 B
Wax m y r t l e 2 1 9 . 6 0 7 B
Wax m y r t l e 2 8 5 . 7 6 8 B
Wax m y r t l e 2 9 6 . 4 8 9 B
BCG „ 347 .68 10 B
Dam 3 8 6 . 3 6 11 B
C a t t a i l 3 9 5 . 5 6 12 B
C a t t a i l 403 .36 13 B
S a l tm a r s h  c o r d g r a s s 4 0 9 . 6 8 14 B
C a t t a i l 4 2 5 . 6 0 15 B
AA b e lo w 4 5 9 . 8 4 16 B
BCG 446 .36 17 B
S a l tm a r s h  c o r d g r a s s 5 9 5 . 4 0 18 B
C a t t a i l 5 9 5 .7 6 19 B
S a l tm a r s h  c o r d g r a s s 6 1 9 . 6 0 20 B
BCG 653 .40 21 B
AA b e lo w 6 5 9 . 7 2 22 B
BCG 7 4 0 . 7 2 23 B
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APPENDIX 2 ,  c o n t i n u e d  
Ranked D i v e r s i t y  Data
Ware Creek Station H'
AA above 0 . 0 0
AA above 0 . 0 0
AA above 0 . 0 0
AA b e tw een 0 . 0 0
AA b e tw een 0 . 0 0
C a t t a i l 0 . 0 1
AA b e tw een 0 . 9 5
C a t t a i l 1 . 0 8
BCG 1 . 2 1
Dam #1 1.2.4
C a t t a i l 1 . 3 9
BCG 1 .6 3
Dam #2 1 . 6 5
BCG 1 . 9 6
Rank C l a s s i f i c a t i o n
#1 #2 #3 #1 #2 #3
1 3 1 A A A
2 3 2 A A A
3 3 3 A A A
4 3 4 A B A
5 3 5 A B A
6 6 6 A B A
7 7 7 A B A
8 8 8 A B A
9 9 9 B B B
10 10 10 B B B
11 11 11 A B A
12 12 12 B B B
13 13 — A B —





AA above  
AA above  
AA above  
C a t t a i l  
AA b e lo w
S a l tm a r s h  c o r d g r a s s
Wax m y r t l e
Dam
S a l tm a r s h  c o r d g r a s s
Wax m y r t l e
C a t t a i l
AA b e lo w
C a t t a i l
AA b e lo w
Wax m y r t l e
S a l tm a r s h  c o r d g r a s s
APPENDIX 2 ,  c o n t i n u e d  
Ranked D i v e r s i t y  Data
H' Rank
0 . 0 0 3
0 . 0 0 3
0 . 0 0 3
0 . 0 0 3
0 . 0 0 3
0 . 0 1 6
0 . 6 1 7
0 . 6 2 8
1 . 0 9 9
1 . 3 3 10
1 . 4 1 . 11
1 . 4 2 12
1 . 5 3 13
1 . 7 6 14
1 . 8 6 15
2 . 0 3 16
2 . 2 0 17
2 . 2 8 18





















Tagged Beaver  Data (VCGIF, 1983)
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TABLE IV COMMONWEALTH OF VIRCXNIA
COMMISSION OF GAME AND INLAND FISH E R IE S  
V IR G IN IA  REAVER TAC DATA
T o c a l  B e a v e r s  T a g g e d
As o f
1972 -  1983 7 /1 3 /8 3
C ounty 72 -73 73-74 7 4 -7 5 7 5 -7 6 76 -7 7 77-78 7 8-79 1 0D o 8 0 -81 81-82
10 Y r. 
A v erage 8 2-83
01 Accomack 1 _ 1 _ .
02 A lh e a a r l e 6 - 18 4 10 39 13 89 105 4 29 57
03 A lle g h a n y 67 72 58 54 19 46 33 40 61 31 48 47.
04 A m elia 184 418 255 56 131 82 125 492 421 232 247 157
05 A ah ersc - - 4 - 7 13 2 6 10 14 6 a
06 A ppom attox - 31 12 11 32 5 7 67 100 47 31 13
07 A u g u sta 7 18 11 .11 6. 16 15 27 27 13 15 5
08 B ath 14 60 35 ‘ 32 49 23 ' 36 68 96 68 48 30
09 B edfo rd 4 - - - 9 13 7 17 26 11 9 3
10 B land 8 4 4 4 7 5 4 27 14 10 9 8
11 B o te to u r t 5 - 4 8 7 16 11 11 31 4 10 7
12 B runsw ick 37 34 35 61 17 136 33 241 4 30 311 134 159
13 B uchanan 2 -  . — ■ _ _ ■ 1 16 _ '  2 1
14 Buckingham 33 15 104 14 27 56 55 162 211 74 75 46
15 C am pbell - - 3 5 15 10 19 114 65 46 28 62
16 C a r o l in e 668 - 803 505 625 694 669 1051 1035 226 628 377
17 C a r r o l l - - - - - - - 1 - 1 - 5
18 C h a r le s  C ity 53 33 64 5 53 29 12 140 237 280 91 38
19 C h a r lo t t e 100 114 160 127 128 * 181 96 611 29 7 183 200 ’ 71
20 C hesapeake - - - - - - - - - 1 - -
21 C h e s t e r f i e ld 52 75 64 73 82 139 200 305 262 138 139 207
22 C la rk e - - 1 - - - - 1 4 5 1 -
23 C ra ig 60 - 13 16 4 21 5 44 73 64 30 36
24 C u lp e p er 24 83 93 42 50 96 20 104 85 26 62 77
25 Cum berland 68 99 69 115 98 65 151 336 202 124 133 81
26 D ickenson - - - ^  - - - - 1 - - - -
27 D inw idd le 35 57 90 60 157 158 88 427 270 182 152 53
28 E ssex 143 241 83 119 310 393 193 603 390 302 278 56
29 F a i r f a x 35 16 - 4 - 2 1 13 14 24 11 9
30 F a u q u ie r 151 101 100 70 38 45 31 169 82 35 82 40
31 F lo y d 6 19 16 7 14 5 5 23 4 27 13 13
32 F lu v an n a 26 21 59 11 6 31 25 147 139 28 49 47
33 F r a n k lI n - - 10 - 3 3 7 6 5 3 4 5
34 F r e d e r ic k 30 36 24 17 3 4 6 51 24 25 22 8
35 ~ C l l e s 10 8 10 12 - 2 1 33 8 13 10 1
36 C lo u c e s te r 29 73 7 8 38 57 86 100 207 89 69 15
37 G ooch land 72 16 82 31 109 74 53 232 161 53 38 109
38 C ray so n 1 - - - - - 5 1 5 - 1. 1
39 G reene - 8 - - - - 24 70 16 12 16
40 C r e e n s v l l l e 5 29 23 8 48 59 74 70 135 33 48 26
41 H a l i f a x 196 139 174 78 273 245 5 375 * 298 281 206 240
42 H anover 106 156 137 151 195 349 289 377 409 282 245 73
43 H en ric o - 111 185 186 72 134 133 258 302 161. 154 83
44 H enry - - 2 - - 6 1 - R - 2 -
45 H ig h la n d 17 54 63 18 11 10 12 11 43 25 26 16
46 I s l e  o f  W ight - - 3 - 16 3 3 13 22 26 9 3
47 Jam es C ity 25 28 6 21 20 73 55 82 75 61 45 47
48 Xing & Queen 238 510 169 94 338 225 306 475 340 317 301 121
49 K ing G eorge 61 125 78 31 98 103 102 200 114 60 97 28
60 K ing W illia m 174 219 185 174 221 300 161 166 29 3 368 223 129
51 L a n c a s te r 16 10 4 11 53 10 6 18 6 1 14 10
5? Lee - - - - - - _ _ _ _ -
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TA3LE IV (c o n t in u e d )  COMMONWEALTH OF VIRCINIA
COMMISSION OF CAME AND tNLAND FISHERIES 
VIRCLNIA SEAVER TAC DATA
T o t a l  R eaver*  Tagged
A* of
1972 -  1983 7 /1 5 /3 3
County 72-73 73-74 74-75 75-76 76-77 77 -7 8 78-79 79-80 80-81 81 -8 2
10 Y r. 
A verage 82 -5 3
53 Loudoun 37 37 8 3 3 47 47 17 20 e
54 L o u isa 153 155 204 155 147 2 6 a. 177 231 3*9 227 207 125
55 Lunenburg 26 12 10 - 34 32 19 98 74 5 31 59
56 M adison 100 61 82 109 26 60 44 176 90 24 77 13
57 Mathews - - 47 1 3 8 1 - 5 - 6 4
53 M ecklenburg 6 18 - - 10 79 1 78 23 - •> •> 9
59 M id d le sex 46 - 27 4 56 11 71 42 51 56 36 21
60 Mont g o n ery - - 6 1 - 16 11 14 17 17 8 -
61 Ne Iso n - - 8 - 24 9 14 31 22 - 11 52
62 New Kent 105 169 1 233 141 194 269 232 272 221 188 202 63
63 N ortham pton - - - - - - - - - - -
64 N o rth u m b erlan d 28 ’ 15 14 24 27 44 * 54 42 8 15 27 15
65 N ottow ay 27 91 167 72 89 36 111 290 355 163 140 38
66 O range 203 238 162 125 89 206 14 3 173 263 143 174 274
6 7 Page 2 5 s 8 16 4 14 55 65 31 20 4
68 °ac  r i c k - - - - - 1 4 1 3 1 _
69 P i t t s y l v a n i a 22 90 208 4 6 40 59 52 127 113 70 83 46
70 Pow hatan 87 130 108 34 96 62 29 446 128 82 120 2?
7 J P r in c e  Edward 73 97 133 82 132 265 14 7 706 368 217 222 186
yp P r in r e  G eorge 15 31 14 11 49 32 5 131 115 84 49 o5
73 P r in c e  W illia m 40 86 97 98 4 6 - 55 192 127 10 75 4
74 P u la s k i - - 4 2 0 0 2 24 5 5 4 1
75 Rappahannock 44 66 46 59 26 23 11 26 44 1 8 36 3
76 Ri enn-rnd 65 137 87 77 214 111 107 158 132 106 119 55
7 7 Roanoke 1 - 1 - - 5 - 1 5 2 2 -
76 P.ockb r id g e 6 9 20 3 12 7 18 38 45 12 17 a
79 Rockingham 18 5 18 11 3 16 - 13 20 29 13 16
30 R u sse 11 - - - - - - 9 1 - 1 -
31 S c o tt - - - « - - - - - - - ■- -
32 Shenandoah 14 . 23 183 6 11 11 - 7 11 37 30 13
S3 Sr.vth - - - I 1 2 - 12 8 9 3 3
34 Southam pton - 7 15 7 59 32 150 159 137 63 6 3 46
35 S p o ts y lv a n ia 219 198 348 93 331 232 359 86 3 666 251 156 210
86 S ta r  fo rd 154 194 155 63 '  11 142 217 395 330 203 166 U S
87 S u f f o lk - - - ‘ 2 - 1 - 2 3 - I " s
S3 S u rry 16 5 9 25 2 8 12 21 20 2 6 14 3
39 S u ssex 126 27 12 28 151 42 116 193 3*9 78 112 49
c.0 T a z c w e l! - 1 1 - - 5 - 7 40 19 7 4
91 Va. Beucli - - - - 1 - - - - - - -
92 W arren - - - - - - - 26 26 25 8 1
93 W arw ick, N.M, 
4 Hxmpton
- • - 3 1 - 8 - 23 " 4 :
94 W ash in g to n 24 - 1 3 - 6 6 20 3 5 7 7
95 W estm oreland 182 161 160 169 204 138 187 277 224 167 137 75
96 W ise - - - - - - - 3 5 - 1 2
97 Wythe - - - - - - 2 6 1 1 -
98 York
C o lv in s  Fur House
1 10 20 1 14 3 6 1 20 29 10 6
C o r d o n s v l l ie - - - - - - - - 282 - 28 -
Out o f  S t a t e - - - - - - - - - - 6 57
(6 7 ) E a s t o f  3 . A. 4280 4760 54 84 3541 5383 6004 5379 12671 11416 6334 6525 4311
(31> ’» > s t  o f  3 .  A. 292 314 475 214 163 220 187 590 64 2 477 357 235
Unknown - - - - - - - 6 L ~ i
S ta te w id e  4572 5074 5959 3755 55*6 6224 5566 3 3267 12059 6311 6*83 4o-7 3
60
APPENDIX 4  
R ankit  T e s t  f o r  Normal D i s t r i b u t i o n .  
D i s t r i b u t e d  Data Fijts  a S t r a i g h t  
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